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INTRODUCTION 

The recent entry of the single board computer into 
the broad field of electronic applications is sub- 
stantiating the billing as a "super component". 
Single board computers provide a solution to 
several problems that have not been solved by the 
use of conventional computers: cost, size, and 
design specialization. 

Many potential microcomputer applications have 
been overlooked because of the design tasks 
required to build a microcomputer system. These 
tasks traditionally include interfacing of the system 
clock, read/write memory, I/O ports and drivers, 
serial communications interface, bus control logic 
and drivers. Intel's SBC 80/10 enables the design 
engineer to concentrate on the application of 
microcomputers, rather than on implementation 
details. 

This application note begins with an overview of 
the Intel® SBC 80/10. Readers who are familiar 
with the SBC 80/10 may choose to skip to the 
applications section, which describes the following 
typical SBC 80/10 applications: 

• The SBC 80/10 used for instrumentation 
control of a Fluke 8375 Digital Multimeter. 

• The SBC 80/10 used as a SCAD A Terminal 
in a communication applicaton. 

• The SBC 80/10 used for temperature moni- 
toring in a process control application. 

• The SBC 80/10 used as an interrupt driven 
device controller for a Centronics printer. 



Each example shows the user program and hard- 
ware required for the application. The program 
listings are interspersed with the text describing 
the application. Both 8080 Macro Assembly 
Language and Intel's PL/M-80 are used in the 
examples. 

The software was developed on an Intel® Micro- 
computer Development System (MDS). The MDS 
provided the tools necessary to edit, assemble or 
compile, link and locate the application software. 
Hardware development was facilitated by the use 
of Intel's In-Circuit Emulator (ICE 80). For further 
information regarding the Microcomputer Develop- 
ment System, the reader is referred to the publica- 
tions listed at the beginning of this application 
note. 

OVERVIEW 

The SBC 80/10 is a member of Intel's complete 
line of OEM computer systems which take full 
advantage of Intel's LSI technology to provide 
economical, self-contained computer based solu- 
tions for OEM applications. The SBC 80/10 is a 
complete computer system on a single 6.75-by-12 
inch printed circuit card. A block diagram of the 
SBC 80/10 is shown in Figure 1. 

Intel's powerful 8-bit n-channel MOS 8080A CPU, 
fabricated on a single LSI chip, is the central 
processor for the SBC 80/10. The 8080A contains 
six 8-bit general purpose registers and an accumu- 
lator. The six general purpose registers may be 
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1. Interrupts originating from the Programmable Communications Interface and Programmable Peripheral Interface are jumper selectable. 

Figure 1. SBC 80/10 Block Diagram 
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addressed individually or in pairs, providing both 
single and double precision operators. 

The 8080A has a 16-bit program counter which 
allows direct addressing of up to 64K bytes of 
memory. An external stack, located within any 
portion of read/write memory, may be used as a 
last in/first out stack to store the contents of the 
program counter, flags, accumulator and all of the 
six general purpose registers. A 1 6-bit stack pointer 
addresses the external stack. This provides sub- 
routine nesting that is bounded only by memory 
size. 

The SBC 80/10 contains IK bytes of read/write 
memory using Intel's low power static RAM. All 
on-board RAM read and write operations are per- 
formed at maximum processor speed. Sockets for 
up to 4K bytes of non-volatile read-only memory 
are provided on the board. Read-only memory may 
be added in IK byte increments using Intel® 8708 
erasable and electrically reprogrammable ROMs 

(EPROMs) or Intel® 8308 masked ROMs. All on- 
board ROM read operations are performed at 
maximum processor speed. 

The SBC 80/10 contains 48 programmable parallel 
I/O lines implemented using two Intel® 8255 Pro- 
grammable Peripheral Interfaces. The system soft- 
ware is used to configure the I/O lines in any com- 
bination of unidirectional input/output, and 
bidirectional ports indicated in Table I. Therefore, 
the I/O interface may be customized to meet 
specific peripheral requirements. To support the 
large number of possible I/O configurations, 
sockets are provided for interchangeable I/O line 
drivers and terminators. Hence, the I/O interface 
provides the appropriate combination of optional 



line drivers and terminators to allow the required 
sink current, polarity, and drive/termination 
characteristics for each application. The 48 pro- 
grammable I/O lines and signal ground lines are 
brought out to two 50-pin edge connectors that 
mate with flat, round, or woven cable. 

A programmable communications interface using 
Intel's 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART) is contained on the 
SBC 80/10. A jumper selectable baud rate genera- 
tor provides the 825 1 with all common communi- 
cation frequencies. The 8251 can be programmed 
by the user's system software to select the desired 
asynchronous or synchronous serial data transmis- 
sion technique (including IBM Bi-sync). The mode 
of operation (synchronous or asynchronous), data 
format, control character format, parity, and 
asynchronous transmission rate are all under pro- 
gram control. The 8251 provides full duplex, 
double buffered transmission and receive capabil- 
ity. Parity, overrun, and framing error detection 
circuits are all incorporated in the 8251. The in- 
clusion of jumper selectable TTY or EIA RS232C 
compatible interfaces on the board, in conjunction 
with the 8251, provide a direct interface to tele- 
types, CRTs, asynchronous and synchronous 
modems, and other RS232C compatible devices. 
The RS232C or TTY command lines, serial data 
lines, and signal ground lines are brought out to a 
25-pin edge connector that mates with RS232C 
compatible flat, round, or woven cable. 

Interrupt requests may originate from six sources. 
Two from the 8255's, two from the 8251 and two 
from user designated peripheral devices. 



TABLE 1 INPUT/OUTPUT PORT MODES OF OPERATION 



PORT 


NO. OF LINES 


MODE OF OPERATION 


UNIDIRECTIONAL 


BIDIRECTIONAL 


CONTROL 


INPUT 


OUTPUT 


UNLATCHED 


LATCHED & 
STROBED 


LATCHED 


LATCHED & 
STROBED 


1 


8 


X 


X 


X 


X 


X 




2 


8 


X 


X 


X 


X 






3 


8 


X 




X 






X1 


4 


8 


X 




X 








5 


8 


X 




X 








6 


4 


X 




X 










4 


X 




X 









1. Note: Port 3 must be used as a control port when either Port 1 or Port 2 are used as a latched and strobed input or a latched and 
strobed output or Port 1 Is used as a bidirectional port. 
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The 825 5 's can generate interrupts when a byte of 
information is ready to be transferred to the CPU 
(i.e., input buffer full) or a byte of information has 
been transferred to a peripheral device (i.e., output 
buffer is empty). 

The 8251 can generate interrupts when a character 
is ready to be transferred to the CPU (i.e., receive 
channel buffer is full) or a character is ready to be 
transmitted (i.e., transmit channel data buffer is 
empty). 

The user designated peripheral devices can generate 
two interrupts: one via the system bus and the 
other via the I/O edge connector. 

The two interrupts from the 825 5 's and the two 
interrupts from the 8251 are all individually mask- 
able under program control. The six interrupt 
request lines share a single CPU interrupt level. 
When an interrupt request is recognized, a RE- 
START 7 instruction is generated. The processor 
responds by suspending program execution and 
making a subroutine call to a user defined interrupt 
service routine originating at location 38 (Hexa- 
decimal). 

SBC 80/10 memory and I/O capacity may be 
increased by adding standard Intel memory and 
I/O boards. Modular expandable backplanes and 
card cages, each with a four-board capacity, are 
available to support multi-board systems. 

The development cycle of SBC 80/10 based prod- 
ucts may be significantly reduced using the Intellec 
Microcomputer Development System. The resident 
macro-assembler, PL/M-80 compiler, text editor, 
and system monitor greatly simplify the design, 
devleopment, and debug of user designed SBC 
80/10 system software. A diskette-based system 
allows programs to be loaded, assembled, edited, 
and executed faster than using conventional paper 
tape, card, or cassette peripherals. A unique In- 
Circuit Emulator (ICE 80) provides the capability 
of developing and debugging software directly on 
the SBC 80/10. 

SBC CONFIGURATION OPTIONS 

The SBC 80/10 provides the user with a powerful 
and flexible I/O capability for both parallel and 
serial transfers. This section discusses the user 
programmable and jumper-selectable options, and 
bus interfacing. 

SERIAL I/O OPTIONS 

The serial I/O interface, using Intel's 825 1 USART, 
provides a serial data communications channel that 



can be programmed to operate with most of the 
current serial data transmission protocols. There 
are three general areas of serial I/O options: 

1 . choice of interface type, RS232C or current 
loop, 

2. baud rate and program-selectable mode 
options, 

3. choice of an interrupt mechanism. 

The user has the choice, through jumper connec- 
tions, of configuring the serial I/O logic to present 
either an RS232C or a 20 raA current loop inter- 
face to an external device. If an RS232C interface 
is used, the 8251 can assume the role of a "data 
set" or a "data processing terminal". This enables 
the serial interface to be connected to different 
devices such as modems and computer terminals. 

There are two factors which enter into the choice 
of baud rate. They are the actual clock frequency 
used to drive the transmit/receive clocks on the 
8251 and the baud rate factor selected by a pro- 
grammable mode instruction control word output 
by the processor to the 825 1 . The baud rate factor 
is used to effectively divide the 825 1 transmit and 
receive clocks by 1 , 1 6 or 64. During normal oper- 
ation a factor of 16 is selected for asynchronous 
transmissions from 9.6K to 300 baud. A factor of 
64 must be used to achieve a baud rate of 1 10. The 
baud rate factor is only applicable to asynchronous 
transmission, as all synchronous transmission is 
done with an implied factor of one. 

Before beginning serial I/O operations, the 8251 
must be program-initialized to support the desired 
mode of operation. The CPU initializes the 8251 
by issuing a set of control bytes to the USART 
device. These control words specify: 

• synchronous or asynchronous operation 

• baud rate factor 

• character length 

• number of stop bits 

• even/odd parity 

• parity/no parity 

Refer to the SBC 80/10 Single Board Computer 
Hardware Reference Manual or the "8251 Applica- 
tion Note" for details on the control words used to 
direct the operation of the 825 1 . 

The serial I/O logic can be configured with differ- 
ent forms of interrupt request mechanisms. By 
connecting a jumper, the user can allow the 825 l's 
Receiver Ready output to generate an interrupt 
request. The Receiver Ready output goes high 
whenever the Receiver Enable bit of the command 



word has been set and the 8251 contains a charac- 
ter that is ready to be input to the CPU. The user 
can also choose to have the 825 l's Transmitter 
Ready or Transmitter Empty output activate the 
interrupt request. The Transmitter Empty goes 
high when the 8251 has no characters to transmit. 
Transmitter Ready is high when the 8251 is ready 
to accept a character from the CPU. Both Trans- 
mitter Empty and Transmitter Ready are enabled 
by setting the Transmit Enable bit of the command 
word. Upon receiving an interrupt, the program 
can determine the actual condition which is 
responsible for the interrupt by reading the status 
of the 8251 device. 

PARALLEL I/O OPTIONS 

The parallel I/O interface consists of six 8-bit I/O 
ports implemented with two Intel 8255 Program- 
mable Peripheral Interface devices. Eight lines 
already have a bidirectional driver and termination 
network permanently installed. The remaining 40 
lines are uncommitted. Sockets are provided for 
the installation of active driver networks or passive 
termination networks as required to meet the 
specific needs of the user system. 

The primary considerations in determining how to 
use each of the six I/O ports are: 

1 . choice of operating mode, 

2. direction of data flow (input, output or 
bidirectional), 

3. selection of interrupt mechanism, 

4. choice of driver/termination networks for 
the port's data path. 

Operating Modes. There are three basic operating 
modes that can be selected by the system software. 
The modes of operation will be described here in 
general terms, leaving it to the reader to obtain 
details from the SBC 80/10 Single Board Computer 
Hardware Reference Manual or the "8255 Applica- 
tion Note." 

Mode is a basic input/output functional con- 
figuration which provides simple input and out- 
put operations. No "handshaking" is required, 
data is simply written to or read from a specified 
port. The outputs are latched and the inputs are 
unlatched. 

Mode 1 is a strobed input/output functional 
configuration which provides a means for trans- 
ferring I/O data to or from a specified port in 
conjunction with strobes or handshaking signals. 
The outputs are latched and are accompanied by 



an output control line which indicates that the 
processor has loaded the output port with a data 
byte. The input data is latched when accompa- 
nied by its externally operated control signal. 

Mode 2 is a strobed bidirectional bus input/ 
output functional configuration which provides 
a means for communicating with a peripheral 
device or structure on a single 8-bit bus for both 
transmitting and receiving data. Handshaking 
signals are provided to maintain proper bus flow 
discipline in a manner similar to mode 1 . 

Data Flow Direction. In addition to the choice of 
operating mode, the user may also specify the 
direction of data flow, input or output from the 
8255's. At the time of RESET, the 8255's are 
configured into the input mode until altered by a 
control word directed to the control word register. 
When an output mode control word is received, 
all of the data bits are set to the low output state. 

Interrupt Mechanism. When the 8255 is pro- 
grammed to operate in mode 1 or mode 2, control 
signals are provided that can be used as interrupt 
request inputs to the CPU. The interrupt request 
signals, generated from one of the ports (port C), 
can be inhibited or enabled by setting or resetting 
the associated interrupt enable flip-flop, using the 
bit set/reset function of port C. This function 
allows the programmer to mask the interrupts from 
specific I/O devices without affecting any other 
device in the interrupt structure. 

Driver /Termination Networks. Depending on the 
direction of data flow, the user will select the 
appropriate TTL line drivers and Intel terminators 
that are compatible with the I/O driver/terminator 
sockets on the SBC 80/10. The list of suitable line 
drivers includes those with inverting, non-inverting, 
and open collector characteristics. There are two 
types of terminators: a 220-ohm/330-ohm divider 
or a IK ohm pull-up. 

BUS INTERFACING 

The system bus interface logic consists of three 
general groups of circuitry : 

1 . gates that accept the various bus control 
signals, the interrupt request lines, and the 
ready indications, and then apply these 
signals to the CPU logic elements, 

2. the system bus drivers, 

3. the failsafe circuitry which generates an 
acknowledgment during interrupt sequences 
and during those cycles in which an ac- 
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knowledgment is not returned because a 
non-existent device was inadvertently ad- 
dressed. 

Bus Interface Signals. The following paragraphs 
describe portions of the system bus interfacing 
logic relevant to interfacing a user device to the 
SBC 80/10, (Note: Whenever a signal is active-low, 
its mnemonic is followed by a slash; for example, 
MRDC/ means that the level on that line will be 
low when the memory read command is true.) 

BCLK/ — Bus clock; used to synchronize bus 
control circuits on all master modules. BCLK/ 
has a frequency of 9.216 MHz. BCLK/ may 
be slowed, stopped or single stepped, if 
desired. 

INIT/ - Initialization signal; resets the entire 
system to a known internal state. 

BPRN — Bus priority input signal; indicates to 
the SBC 80/10 that a higher priority master 
module is requesting use of the system bus. 
BPRN suspends the processing activity and 
drivers of the SBC 80/10 until the signal goes 
low. 

BUSY/ — Bus busy signal; indicates that the bus 
is currently in use. BUSY/ prevents all other 
master modules from gaining control of the 
bus. BUSY/ is driven by the HLDA/ output 
from the SBC 80/10 in response to a BPRN 
input. It indicates that the bus is available. 

MRDC/ - Memory read command; indicates 
that the address of a memory location has 
been placed on the system address lines and 
specifies that the contents of the addressed 
location are to be read and placed on the sys- 
tem data bus. 

MWTC/ — Memory write command; indicates 
that the address of a memory location has 
been placed on the system address lines and 
that a data word has been placed on the 
system data bus. MWTC/ specifies that the 
data word is to be written into the addressed 
memory location. 

IORC/ — I/O read command; indicates that the 
address of an input port has been placed on 
the system address bus and that the data at 
that input port is to be read and placed on the 
system data bus. 

IOWC/ - I/O write command; indicates that the 
address of an output port has been placed on 
the system address bus and that the contents 



of the system data bus are to be output to 
the addressed port. 

XACK/ — Transfer acknowledge signal; the 
required response of an external memory 
location or I/O port which indicates that the 
specified read/write operation has been com- 
pleted (that is, data has been placed on, or 
accepted from, the system data bus lines). 

AACK/ — An advance acknowledge, in response 
to a memory read or write command, that 
allows the memory to complete the specified 
operation without requiring the CPU to wait. 

CCLK/ — Constant clock; provides a clock signal 
of constant frequency (9.216 MHz) for use by 
optional memory and I/O expansion boards. 
The same signal is used to drive both CCLK/ 
and BCLK/. 

INTR1/ — Externally generated interrupt re- 
quest. 

ADR0/-ADRF/ - 16 Address lines; used to 
transmit the address of the memory location 
or I/O port to be accessed. ADRF/ is the most 
significant bit. 

DAT0/— DAT7/ — Bidirectional data lines; used 
to transmit/receive information to/from a 
memory location or I/O port. DAT7/ is the 
most significant bit. 

Bus Acknowledges. Further distinction between 
transfer acknowledge (XACK/) and advance 
acknowledge (AACK/) is required. All external 
memory and I/O transfer requests must return 
XACK/ to the SBC 80/10 (even if AACK/ is also 
returned). XACK/ indicates that data has been 
placed on (read command) or accepted from (write 
command) the system data bus lines. AACK/ is an 
advance acknowledge in response to a memory or 
I/O port command. It has been provided because 
the 8080A samples the ready line before valid data 
is required on the bus. If this condition is properly 
anticipated, AACK/ can be returned before the 
data is actually read, thus allowing an earlier opera- 
tion to be completed. AACK/ should be used only 
with a thorough understanding of the additional 
information provided in the SBC 80/10 Single 
Board Computer Hardware Reference Manual. 

DMA Transfers. An external device can make DMA 
transfers to or from RAM expansion boards. The 
transfer is coordinated with the SBC 80/10 by 
means of two bus signals; bus priority input 
(BPRN) and bus busy (BUSY/). The first step in 
making a DMA transfer is to obtain control of the 



system bus. This is achieved by asserting BRPN to 
the SBC 80/10 and then waiting until the SBC 
80/10 returns BUSY/, indicating that it has relin- 
quished control of the system bus. When this step 
is completed the external device may proceed with 
its DMA transfers until it is finished. At that time 
BPRN should be removed to allow the SBC 80/10 
to regain control of the system bus. It should be 
noted that the SBC 80/10 is placed in a hold state 
when it does not have control of the system bus. 



APPLICATIONS 

The SBC 80/10 may be applied to a wide variety 
of applications. Specific applications in four areas 
are presented in this application note. They are 
presented to illustrate a broad spectrum of single 
board computer capabilities and to demonstrate 
the use of various system features. 

INSTRUMENTATION 

Microprocessors have been used in instrumentation 
for many tasks ranging from handling simple inter- 
face functions to control of the analog to digital 
conversion process. The use of a single board com- 
puter can further serve in the application of 
instruments themselves to laboratory or process 
control environments. It is quite often necessary in 
these applications to control instrumentation 
remotely. A number of rather expensive minicom- 
puter-controlled solutions now exist on the market 
as automatic test equipment (ATE) systems. The 
SBC 80/10 presents itself as a cost effective solu- 
tion in situations where the larger ATE systems are 
beyond economic justification. 

The SBC 80/10 can be the sole CPU element in 
the system, providing instrumentation control and 
computational capability; or it can supplement a 
larger host CPU by handling distributed processing 
requirements. 

Instrumentation Control Application Example 

Most instruments such as DVMs, counters, data 
loggers, synthesizers, etc., have optional data out- 
put units (DOUs) and/or remote control units 
(RCUs). It is particularly time consuming to inter- 
face each instrument's DOU/RCU with custom- 
digital logic. Until the recent IEEE-488 interface 
standard, there was little in common from one 
interface to the next. The parallel I/O lines of the 
SBC 80/10 provide a common interface element 
that can be adapted to a majority of the DOUs and 
RCUs available today by means of software. 
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Figure 2. Interface Block Diagram 



This instrumentation control application shows 
how the SBC 80/10 has been used to control and 
read the data from the data output unit (DOU) of 
a Fluke 8375 Digital Multimeter. 

Interfacing the SBC 80/10 to the Fluke 8375 DOU 
has been accomplished through the use of three 
parallel I/O ports shown in Figure 2. An 8-bit port 
has been used to read input data from the Fluke 
8375 DOU. Another 8-bit port has been used to 
control the multiplexing of data from the DOU to 
the SBC 80/10. And, an 8-bit port has been used to 
provide the required control and monitoring of the 
following DOU functions: busy flag, sample sync 
flag, timeout enable, external trigger and trigger 
inhibit. 

The following listing contains a complete program 
to provide the necessary interface control func- 
tions as well as an exercise program. The program 
listing is interspersed with text that is used to 
clarify the elements of the program. 



INSTRUMENTATION CONTROL APPLICATION 
FLUKE 8375 DIGITAL MULTIMETER 
DATA OUTPUT UNIT (DOU) CONTROLLER 



The CSEG directs the ISIS-II 8080 Assembler to 
generate a relocatable code segment. Relocatable 
code can later be placed at any memory address by 
Intel's LOCATE program. This lets you write your 
program without worrying about the application's 
final memory configuration. 
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Equate Table. The following table is used to give 
symbolic names to the binary I/O port addresses. 
The names used later in the program increase 
readability. 



I* 

15 
16 
17 

18 CWR 

19 DATIN 

20 STB 

21 FLO 

22 TRG 

23 ; 
21 



EQUATE TABLE 



EQU 
EQU 
EQU 
EQU 
EQU 



OEBH 
0E8H 
0E9H 
OEAH 
OEAH 



8255 *2 CONTROL WORD REGISTER 
DECADE PAIR DATA INPUT PORT 
STROBE OUTPUT PORT 
FLAG INPUT PORT 
TRIGGER OUTPUT PORT 



Observing the schematic for the SBC 80/10 - 
Fluke 8375 DOU (Figure 3), it can be seen that the 
8255 #2 should be configured through the use of 
the mode control word as: 

Port 4 (A) ModeO Input 

Port 5 (B) Mode Output 

Port 6(C) BitsPC2-PC0 Output 

Port 6(C) BitsPC5-PC4 Input 

The following mode control word is used: 



The exercise program uses some of the subroutines 
provided in the SBC 80/10 System Monitor 
PROMs. The addresses of the subroutines are 
included in the equate table. 



25 
26 ; 

2T GETCH 

28 CO 

29 CROUT 

30 NMOUT 

31 ; 

32 



EQU 
EQU 
EQU 
EQU 



0220H 
01E8H 
01F3H 
02C2H 



GET CONSOLE INPUT, MASK OFF PARITY 
CONSOLE OUTPUT 
PRINT <CRXLF> 
DISPLAY BfTE IN ACCUM 



D 7 


D 6 


t>5 


c 4 


°3 


D 2 





PortC Bits PCq— PC2 Output * 



Port B Output = 
Port B Mode = 



Port C Bin PC4-PC5 Input = 1 



Port A Input ■ 1 



Port A Mode = 00 



Opcode Mode Set = 1 



Mode Control Word = 1001 1000 Binary = 98H 



The use of the SBC 80/10 parallel I/O ports 
requires that the mode of operation be defined for 
each port. This is typically done by an initializa- 
tion subroutine executed when the SBC 80/10 is 
powered up or reset. 

8255 Control Word. When the opcode field (bit 7) 
of a control word directed to an 8255 is equal to 
one, the control word is interpreted as a mode 
definition control word. The mode definition 
control word format is shown below: 



CONTROL WORD 



1- 




°5 


°4 


D 3 


D 2 


°1 


D 



/ GROUP B 


\ 


PORTC (LOWER - 


PC 3 -PC I 


1 - INPUT 


■ OUTPUT 




PORT B 




1 - INPUT 




0= OUTPUT 




MODE SELECTION 




O ■= MODE 




1 - MODE 1 





PORT C (UPPER - PC 7 -PC 4 I 
1 ■ INPUT 
0- OUTPUT 



PORTA 
1 - INPUT 
- OUTPUT 



MODE SELECTION 

00 - MODE 

01 = MODE 1 
IX » MODE 2 



1 - MODE SET 



*•» 8255 *2 INITIALIZATION SUBROUTINE 



MVI 
OUT 



A, 10011000B 
CWR 



LD MODE CONTROL WORD 
OUTPUT TO 8255*2 CNTL WD REG 



This coding loads the mode control word into the 
8255 #2 control word register. Additional initial- 
ization code is required to set the strobe and 
trigger output ports to an inactive state. The sche- 
matic shows that inverting drivers have been used 
for both the strobes and the trigger. When a com- 
mand is issued to place port 5 (B) into the output 
mode, bits PB7— PBO are set to the low output 
state. Because the low outputs are then inverted 
and used as strobes to the Fluke 8375, they must 
then be disabled. The initialization subroutine 
concludes by disabling the strobes and trigger. The 
strobes are signals to the DOU which enable its 
drivers to send data to the SBC 80/10. The trigger 
is a signal to the DOU that the Fluke 8375 should 
take a reading. 



12 

13 ; 

HI 

15 

16 

17 

48 ; 

19 



MVI A , OFFH 

OUT STB 

OUT TRG 
RET 



LD MASK TO: 

DISABLE STROBES 
DISABLE TRIGGER 



External Trigger Control. Two subroutines are 
implemented to enable and disable the external 
trigger mode of the instrument. These subroutines 
use the bit set/reset capability of the 8255 to inde- 
pendently set or reset three control lines of the 
Fluke 8375 DOU. 
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Equate Table. The following table is used to give 
symbolic names to the binary I/O port addresses. 
The names used later in the program increase 
readability. 



11 








15 








16 


: EQUATE TABLE 




17 








18 


CWR EQU 


OEBH 


; 8255 *2 CONTROL WORD REGISTER 


19 


DATIN EQU 


OE8H 


; DECADE PAIR DATA INPUT PORT 


20 


STB EQU 


0E9H 


; STROBE OUTPUT PORT 


21 


FLG EQU 


OEAH 


; FLAG INPUT PORT 


22 


TUG EQU 


OEAH 


; TRIGGER OUTPUT PORT 


23 








24 









Observing the schematic for the SBC 80/10 - 
Fluke 8375 DOU (Figure 3), it can be seen that the 
8255 #2 should be configured through the use of 
the mode control word as : 

Port 4 (A) Mode Input 

Port 5 (B) Mode Output 

Port 6(C) BitsPC2-PC0 Output 

Port 6 (C) Bits PC5-PC4 Input 

The following mode control word is used : 



The exercise program uses some of the subroutines 
provided in the SBC 80/10 System Monitor 
PROMs. The addresses of the subroutines are 
included in the equate table. 



25 

26 ; 

27 GETCH 

28 CO 

29 CROUT 

30 NMOUT 

31 ; 
32 



EQU 
EQU 
EQU 
EQU 



0220H 
01E8H 
01F3H 
02C2H 



GET CONSOLE INPUT, MASK OFF PARITY 
CONSOLE OUTPUT 
PRINT <CRXLF> 
DISPLAY BYTE IN ACCUM 



°7 


I>6 


°5 


t>4 


°3 


D 2 


°1 



Port C Bits PC0-PC2 Output - 



Port B Output ~ 



Port B ModeO =0 



Port C Bits PC4-PC5 Input = 1 



Port A Input = 1 



Port A Mode = 00 



Opcode Mode Set = 1 



Mode Control Word ■ 1001 1000 Binary ■ 98H 



The use of the SBC 80/10 parallel I/O ports 
requires that the mode of operation be defined for 
each port. This is typically done by an initializa- 
tion subroutine executed when the SBC 80/10 is 
powered up or reset. 

8255 Control Word. When the opcode field (bit 7) 
of a control word directed to an 8255 is equal to 
one, the control word is interpreted as a mode 
definition control word. The mode definition 
control word format is shown below: 



CONTROL WORD 



POPiTC (LOWER - PC 3 -PC I 
1 =■ INPUT 
0- OUTPUT 



PORT B 
1 • INPUT 
= OUTPUT 



MODE SELECTION 

= MODE 

1 - MODE 1 



PORT C (UPPER - PC 7 -PC 4 ) 
1 - INPUT 
= OUTPUT 



PORTA 
1 « INPUT 
= OUTPUT 



MODE SELECTION 

00 ' MODE 

01 - MODE 1 
IX = MODE 2 



1 - MODE SET 



33 
31 i 

35 ; *«« 8255 K INITIALIZATION SUBROUTINE 

36 ; 

37 MIT: 

38 MVI 

39 OUT 
10 ; 
1)1 



A, 10011000B 
CWR 



LD MODE CONTROL WORD 
OUTPUT TO 8255#2 CNTL WD REG 



This coding loads the mode control word into the 
8255 #2 control word register. Additional initial- 
ization code is required to set the strobe and 
trigger output ports to an inactive state. The sche- 
matic shows that inverting drivers have been used 
for both the strobes and the trigger. When a com- 
mand is issued to place port 5 (B) into the output 
mode, bits PB7— PB0 are set to the low output 
state. Because the low outputs are then inverted 
and used as strobes to the Fluke 8375, they must 
then be disabled. The initialization subroutine 
concludes by disabling the strobes and trigger. The 
strobes are signals to the DOU which enable its 
drivers to send data to the SBC 80/10. The trigger 
is a signal to the DOU that the Fluke 8375 should 
take a reading. 



12 

13 

411 

15 

16 

17 

18 ; 

19 



MVI A.0FFH 

OUT STB 

OUT TRG 
RET 



LD MASK TO: 

DISABLE STROBES 
DISABLE TRIGGER 



External Trigger Control. Two subroutines are 
implemented to enable and disable the external 
trigger mode of the instrument. These subroutines 
use the bit set/reset capability of the 8255 to inde- 
pendently set or reset three control lines of the 
Fluke 8375 DOU. 
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When the opcode field (bit 7) of an 8255 control 
word equals zero, the control word is a port 6 (C) 
bit set/reset command word. 

The bit set/reset control word format is shown 
below. 

CONTROL WORD 



°7 


°6 


°5 


D„ j D 3 


D 2 | 0, 


D 



SET/RESET FLAG 



= RESET BIT 

1 - SET BIT 



NOT USED SET TO 000 



D 3 


D 2 


D l 


PORT C BIT 











BIT 








1 


BIT 1 





l 





BIT 2 







1 


BIT 3 


1 








BIT 4 


1 





1 


BIT 5 


1 


1 





BIT 6 


1 


1 


1 


BIT 7 



z: 



0- BIT SET/RESET 



The following example demonstrates how the port 
6 (C) bit set/reset control word is constructed to 
disable the Fluke 8375 external trigger. Note from 
the schematic (Figure 3) that port 6 (C) bit con- 
trols the inhibit external trigger line. 




The control word for set Port C bit is 0000 0001 Binary = 01 H 



1 "* ENABLE EXTERNAL TRIGGER SUBROUTINE ••• 
ETRIG: 



MVI 
OUT 
RET 



A.OOOOOOOOB 
CWR 



LD RESET BIT CONTROL WORD 
OUTPUT TO 8255»2 CNTL WD REG 



••• DISABLE EXTERNAL TRIGGER SUBROUTINE *•• 
DTRIG: 



MVI 

OUT 
RET 



A.00000001B 
CWR 



LD SET BIT CONTROL WORD 
OUTPUT TO 8255*2 CNTL WD REG 



Subroutines to enable and disable the timeouts are 
written in an analogous fashion. The timeout 
enable line is controlled by port 6 (C) bit 2. 



••• ENABLE TIMEOUTS SUBROUTINE ••• 
EPOS: 



MVI A.00000101B 

OUT CWR 

RET 



; LD SET BIT 2 CONTROL WORD 
; OUTPUT TO 8255#2 CNTL WD REG 



DISABLE TIMEOUTS SUBROUTINE ••• 

DPOS: 



81 

82 ; 
83 



MVI A.00000100B 

OUT CWR 

RET 



LD RESET BIT 2 CONTROL WORD 
OUTPUT TO 8255*2 CNTL WD REG 



Obtaining Readings. The Fluke 8375 DOU allows 
readings to be taken in one of two modes. The 
first, a triggered mode, assumes that the external 
triggering has not been inhibited and requires the 
positive edge of a pulse with a minimum width of 
1 microsecond on the trigger input. Setting and 
resetting the port 6 (C) bit 1 produces the 8375 
external trigger. After a reading is triggered the 
8375 busy flag is tested until the not busy state is 
reached. At that time the reading that was 
triggered can be read by the SBC 80/10. The last 
statement in this routine jumps to TKDATA which 
reads the data from the DOU and then executes 
the return. 



81 
85 
86 
87 

8B tfiGR: 



SUBROUTINE TO TAKE EXTERNALLY TRIGGERED READING ««• 



89 


MVI 


A, 0000001 OB 


LD RESET BIT 1 CONTROL WORD 


90 


OUT 


CWR 


OUTPUT TO B255#2 CNTL WD REG 


91 


INR 


A 


MODIFI CONTROL WORD TO SET BIT 1 


92 


OUT 


CWR 


OUTPUT TO 6255#2 CNTL WD REG 


93 TVT: 








91 


IN 


FLG 


INPUT THE BUSY FLAG 


95 


Ml 


00100000B 


TEST PORT C BIT 5 


96 


JNZ 


TWT 


LOOP UNTIL NOT BUSY 


97 


JMP 


TKDATA 


GO READ DATA FROM DOU AND RETURN 



The second method for reading the Fluke 8375 is 
to rely on the sample rate set from the front panel 
controls and to wait until a full transition of the 
busy flag is observed. This guarantees that a previ- 
ous reading is not mistakenly interpreted as a new 
reading. 



100 








101 ; 








102 ; ••« 


SUBROUTINE TO OBTAIN 


NEXT READING «« 


103 ; 








101 NXTRD : 








105 


IN 


FLG 


; INPUT THE BUSY FLAG 


106 


ANI 


O010O0O0B 


; TEST PORT C BIT 5 


107 


JZ 


NXTRD 


; LOOP UNTIL BUSY WITH 


108 NXTWT: 








109 


IN 


FLG 


; INPUT THE BUS! FLAG 


110 


ANI 


00100000B 


; TEST PORT C BIT 5 


111 


JNZ 


NXTWT 


; LOOP UNTIL NOT BUSY 


112 


JMP 


TKDATA 


; GO READ DATA FROM DOU 


113 ; 








111 









Notice that the loops beginning at NXTWT in the 
above program segment and at TWT in the previous 
program segment are identical. This suggests the 
possibility of some obvious code optimization that 
is omitted here for the sake of clarity. 

There is one subroutine remaining to complete full 
utilization of the Fluke 8375 DOU capabilities. It 
is the subroutine to take data from the 8375 DOU. 
The schematic (Figure 3) shows that port 5 (B) bits 
PB4-PB0 are used to enable the DOU drivers. Data 
from the DOU includes: 

• 5 decades of digits 

• encoded range and overrange 
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function: 

ohms 
modifiers 
overload 
trigger 

function 



Volts DC, Volts AC, Ohms, Kil- 
Filter, Ext. Ref., Remote 



The function of this subroutine is to read five 
bytes of data from the 8375 DOU and place them 
in a RAM buffer on the SBC 80/10. 



115 








116 ; 








117 ; *** 


SUBROUTINE TO TAKE DATA FROM 8375 DOU »•* 


118 ; 








119 TKDATA 








120 


LXI 


H.RDBUF 


ID BUFFER POINTER 


121 


MVI 


A.OEFH 


SETUP FIRST STROBE 


122 TKO: 








123 


MOV 


B,A 


SAVE CURRENT STROBE 


121 


OUT 


STB 


STROBE DECADE PAIR 


125 


IN 


DATIN 


READ DATA 


126 


MOV 


M,A 


PLACE DATA INTO SBC 80/10 RAM 


127 


MX 


H 


INCREMENT BUFFER POINTER 


128 


MOV 


A,B 


RESTORE STROBE 


129 


RRC 




ROTATE TO NEXT STROBE POSITION 


130 


JC 


TKO 


LOOP UNTIL BIT STROBE DONE 


131 


OUT 


STB 


DISA3LE ALL STROBES 


132 


RET 






133 ; 








131 









This completes the software required to service the 
Fluke 8375 DOU. The following code consists of a 
routine to display the data from the interface on 
the console output device and a short executive 
program to allow exercising of the driver sub- 
routines. 

The display subroutine takes 5 bytes of data from 
the RAM buffer in which the reading has been 
stored and prints them, 2 ASCII characters per 
8-bit byte, on the console. 



135 








136 ; 








137 ; *** SUBROUTINE TO DISPLAY READING BUFFER ON CONSOLE *»• 


138 ; 








139 DISPLAY 








mo 


LXI 


H.RDBUF 


LD BUFFER POINTER 


111 


MVI 


D,5 


INITIALIZE COUNTER 


112 DISPO: 








113 


MOV 


A,M 


LD NEXT BYTE FROM BUFFER 


111 


CALL 


NM0UT 


CALL SBC 80/10 MONITOR SUBROUTINE 


115 






TO DISPLAY ACCUMULATOR CONTENTS 


116 


INX 


H 


INCREMENT BUFFER POINTER 


117 


DCR 


D 


DECREMENT COUNTER 


118 


JNZ 


DISPO 


LOOP FOR 5 DISPLAY BYTES 


119 


RET 






150 ; 








151 









Operator Interface. The short executive program 
provides a tool for the purposes of exercising the 
8375 DOU driver subroutines. The executive begins 
by calling the initialization subroutine and then 
continues on to prompt the operator with a '>' on 
the console. At that point the operator may enter 
one of the following characters, causing the pro- 
gram to execute the specified subroutine: 





SUBR 


DESCRIPTION 


T 


ETRIG 


Enable external trigger 


I 


DTRIG 


Disables external trigger 


E 


EPOS 


Enable programmed timeouts 


D 


DPOS 


Disable programmed timeouts 


N 


NXTRD 


Next reading 


S 


TRGR 


Trigger and get a reading 


X 


DISPLAY 


Display reading buffer 



After the operator has entered a command charac- 
ter, the program obtains the address of the sub- 
routine to be executed and proceeds to set up a 
return address on the stack. This technique allows 
a load program counter instruction (PCHL) to be 
used to enter the subroutine and a return instruc- 
tion (RET) to resume execution of the executive. 



152 






153 ; 






154 ; *** 


SIMPLE 


EXECUTIVE E 


155 ; 






156 START 






157 


LXI 


SP, STACK 


158 


CALL 


INIT 


i Tver ■ 






160 


CALL 


CROUT 


161 


MVI 


C,'>' 


162 


CALL 


CO 


163 


CALL 


GETCH 


161 


CALL 


CO 


165 


MOV 


A,C 


166 


LXI 


B, NCMDS 


167 


LXI 


H.CTAB 


168 EXEC0 






169 


CMP 


M 


170 


JZ 


EXEC1 


171 


INX 


H 


172 


DCR 


C 


173 


JNZ 


EXEC0 


171 


JMP 


EXEC 


175 EXEC1 






176 


LXI 


H , CADR 


177 


DAD 


B 


178 


DAD 


B 


179 


MOV 


A,M 


180 


INX 


H 


181 


MOV 


H,M 


182 


MOV 


L,A 


183 


LXI 


D.EXEC 


181 


PUSH 


D 


185 


PCHL 




186 j 
187 







PROGRAM ••» 



SETUP STACK POINTER 

INITIALIZE THE SBC 80/10 8255(12 

EXEC ENTRY POINT - PRINT <CRXLF> 
C LOADED WITH PROMPT CHARACTER 
CONSOLE OUTPUT 

GET CMND CHAR, MASK OFF PARITY 
PRINT THE CHARACTER ON THE CONSOLE 
PUT CHARACTER BACK INTO THE ACCUM 
C CONTAINS LOOP AND INDEX COUNT 
HL POINTS TO CMND TABLE 

COMPARE TABLE ENTRY AND CHARACTER 
BRANCH IF EQUAL - CMND RECOGNIZED 
ELSE, INCREMENT TABLE POINTER 
DECREMENT LOOP COUNT 
BRANCH IF NOT AT TABLE END 
ELSE, CMND ILLEGAL - IGNORE IT 

LD ADR OF TABLE OF CMND SUBRS 
ADD WHAT IS LEFT OF LOOP COUNT 
- EACH ENTRY IN CADR IS 2 BYTES 
GET LSP OF ADR OF TABLE ENTRY TO A 
POINT TO NXT BYTE IN TABLE 
GET MSP OF ADR OF TABLE ENTRY TO H 
PUT LSP OF ADR OF TABLE ENTRY TO L 
SETUP RETURN ADR ON THE STACK 

NEXT INSTR COMES FROM CMND SUBR 



The command and address tables as well as the 
reading buffer follow to complete the application 
software. 



189 : 






190 : COMMAND 


AND ADDRESS TABLES 


191 ; 






192 CTAB: 






193 


DB 


'XSNDEIT' 


191 NCMDS 


EQU 


$-CTAB ; 


195 ; 






196 CADR: 






197 


DW 





198 


DW 


ETRIG 


199 


DW 


DTRIG 


200 


DW 


EPOS 


201 


DW 


DPOS 


202 


DW 


NXTRD 


203 


DW 


TRGR 


201 


DW 


DISPLAY 


205 ; 






206 : READING 


BUFFER AND STACK SPACE 


207 ; 






206 RDBUF: 






209 


DS 


5 ; 


210 ; 






211 
212 






213 


END 


START ; 



NUMBER OF VALID COMMANDS 



READING BUFFER 



; TRANSFER ADDRESS IS TO START 



SUMMARY/CONCLUSIONS 

This instrumentation control application has been 
presented to demonstrate the simple techniques 
used to apply the SBC 80/10 to the task of inter- 
facing instrumentation. A natural extension of this 
example would include the control of the Fluke 
8375 RCU, as well as the control of many addi- 
tional instruments to build a small ATE system. 
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FLUKE 8375 DOU 
ID ATA OUTPUT UNIT) 



BUSY FLAG 



SAMPLE SYNC 
FLAG 




FIFTH 
DECADE 



Figure 3. Interface Schematic 
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COMMUNICATION 

A diverse range of single board computer applica- 
tions exists in the field of communication. The 
increase in distributed processing generates require- 
ments for self-contained computers to control 
elements of a communication system, increasing 
both the throughput and reliability. 

There are many situations that necessitate monitor- 
ing and controlling a system from a remote site. 
Typical examples are systems that cover large geo- 
graphic areas or systems in dangerous environments 
for human operators. If the object system, which 
provides the actual parallel inputs and outputs to 
the plant, is far from the controlling system, you 
can lower costs by reducing the number of inter- 
connecting wires via the addition of multiplexers 
to both systems. In the extreme (and often desira- 
ble) case of reducing the interconnects to an 
absolute minimum, all communication between the 
systems takes place on a single serial data link. If 
large distances are involved, this link can be stand- 
ard telephone wires. For moderate distances, the 
link can be a single twisted pair. In either case, the 
equipment used to interface the object system to 
the serial link is called a supervisory control and 
data acquisition (SCADA) terminal. 

The decision to replace a multitude of intercon- 
nects with a SCADA terminal is largely economic. 
Cables and their associated drivers and receivers 
can represent a significant part of the total cost of 
a factory automation project, particularly if an 
electrically noisy environment requires the use of 
shielded cables. Any potential savings in cabling 
must, of course, compensate for the additional cost 
incurred by adding the SCADA terminal to the 
system. 

Communication Application Example 

A SCADA terminal demonstrates an industrial 
communication application of the SBC 80/10. The 
Intel® 8251 USART provides the serial communi- 
cation link and the two Intel 8255 Programmable 
Parallel I/O devices provide 48 parallel lines for the 
object system. A block diagram of a SCADA 
terminal is shown in Figure 4. 

The task of the software in this SCADA terminal 
example is two-fold. First, it must continually scan 
its parallel inputs, transmitting the status of those 
lines in a bit serial mode using the USART. And 
second, it receives bit serial data from the USART 
which is to be used to update the parallel outputs. 
Thus, a major portion of the software deals with 



PARALLEL 
OUTPUT 



PARALLEL 
INPUT 



SERIAL 
INPUT 



SERIAL 
OUTPUT 



Figure 4. SCADA Terminal Block Diagram 

the communications protocol on the serial data 
lines. 

Communications Protocol. A communication pro- 
tocol is an agreement between communications 
users that defines the record formats used for data 
transmissions. The protocol selected for this 
SCADA terminal application provides the follow- 
ing features: 

1. A readable character set to simplify the 
human interface. 

2. Error detection by means of a checksum. 

3. Each record specifies the number of data 
bytes in the record and the initial port 
number. 

Despite its value for human interface, the ASCII 
character set has problems representing 8-bit 
binary values, since the high-order bit is not used. 
Therefore, each binary value is treated as two 4-bit 
hexadecimal values. Because hexadecimal numbers 
fall in the range 0—9 and A-F, they can be repre- 
sented as ASCII characters. However, this repre- 
sentation requires twice as many bytes as a pure 
binary format. 

Record Format. The information encoded into the 
ASCII hexadecimal format is grouped to form 
records. Each record has a record mark to flag the 
beginning of the record, a number of ports specifi- 
fication (record length), destination output start 
port number, the data field itself, and a checksum. 

The record format described below is according to 
the fields in the record. 

Record mark field: Byte 

The ASCII code for a colon (:) is used to signal 
the start of a record. 

Number of ports field: Byte 1 

The number of data bytes in the record is repre- 
sented by a single ASCII hexadecimal digit in this 
field. This corresponds to the number of 8-bit 
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ports to which data will be output by the 
SCAD A terminal in a parallel fashion. The maxi- 
mum number of data bytes in a record is 1 5 (F 
in hexadecimal). A record length of zero is a 
special case and can be reserved for control 
information. 

Port address field : Byte 2 

The single ASCII hexadecimal digit in byte 2 
gives the port number of the initial output port. 
The first data byte is output to the port indi- 
cated by the port address; successive bytes are 
output in successive port locations on the SBC 
80/10 or on expansion I/O boards. 

Data field: Bytes 3 to 3+2* (number of ports)-l 

An 8-bit binary value is represented by two 
bytes containing the ASCII characters 0—9 or 
A— F, which represent a hexadecimal value 
between and FF (0 and 255 decimal). The 
high-order digit is in the first byte of each pair. 

Checksum field: Bytes 3+2*(number of ports) to 
3+2*(number of ports)+l 

The checksum field contains the ASCII hexa- 
decimal representation of the two's complement 
of the 8-bit sum of the 8-bit bytes that result 
from converting each pair of ASCII hexadecimal 
digits to one byte of binary, from the number of 
ports field (the number of ports and port ad- 
dress constitute a pair) to and including the last 
byte of the data field. Therefore, the sum of all 
the ASCII pairs in a record after converting to 
binary, from the number of ports field to and 
including the checksum field, is zero. 

Sample Hexadecimal format: 

3 3 A 17 8 F, F 

j I Checksum Field 

I Data Field 

I— ■ Starting Port Address 

I Number of Pons 

■ Record Mark 

Design Approach Using a State Diagram. Before 
proceeding to examine the software used to imple- 
ment the SCAD A terminal, consider how the prob- 
lem might have been approached with TTL logic 
rather than a microcomputer. The design would 
likely have been formulated with a state diagram to 
specify the transitions of a sequential state ma- 
chine. The sequential-circuit operations would 
include decoding the serial input records and 



encoding the serial output records. An examination 
of the serial input record state diagram (Figure 5) 
is useful in understanding some of the procedures 
encountered later. 



INIT 




HAC 



Figure 5. State Diagram 



Notes: HAC = Hexadecimal ASCII character 

LHAC = Last Hexadecimal ASCII character 
PO = Parallel output 

The receipt of an invalid HAC will cause a return 
to state 0. 

The receipt of a colon at any time will produce a 
transition to state 1 . 

STATE DESCRIPTION 



= record mark state 

1 = number of ports state 

2 = start port number state 

3 = high-order half of data byte state 

4 = low-order half of data byte state 



State is entered at the time of initialization. All 
state transitions occur when the next character is 
received. States 1,2, and 3 are entered with the 
input of a colon (:), the number of ports and start 
port number, respectively. States 3 and 4 will cycle 
as required until all the high and low-order pairs of 
data have been input. The transition from state 4 
to state occurs when the last data byte has been 
received. If the checksum is correct, the parallel 
output latches are loaded with the data field of 
the record. 

There are many references to the states contained 
in this diagram during the discussion of the soft- 
ware procedures. Thus, the state diagram is used as 
a "flowchart" for the software. As in the other 
examples in this application note, a textual descrip- 
tion accompanies each segment of code. Intel's 
high-level programming language, PL/M-80, has 
been used to show the capability to program in a 
natural, algorithmic language which eliminates the 
need to manage register usage or memory alloca- 
tion. 
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SCADA Terminal Program. The program begins 
with a comment, that is followed by the program 
segment label "SCADA". With resident PL/M-80, 
all programs are considered to be labelled blocks, 
or modules. This means that all PL/M programs 
must begin with a LABEL and a DO statement and 
end with an END statement. 



The serial input and serial output state counters are 
set to state 0. Port number is the parallel input 
start port and 3 ports of data are input from the 
parallel ports for serial transmission. 



5 2 

6 2 

7 2 

8 2 



SRL4IN»STATE = 0; 
SRL$OUT$STATE = 0; 
PRL*IN*STRT»PRT • 0; 
PRL$IN*NMB$PKTS = 3; 



INDUSTRIAL COMMUNICATION APPLICATION 



SCADA TERMINAL 



The Intel 825 1 USART must be set up by loading 
it with mode and command instructions. 

The mode instruction format is shown below: 



SCADA: 
DO; 



All variables used in the program must be declared 
before they can be referred to by their identifiers. 
This is done by means of a DECLARE statement. 
In addition to the declaration of variables, macros 
are declared using the reserved word LITERALLY. 
These macros are expanded at compile time by 
textual substitution. 



1 DECLARE 

SRL$IN»STATE BYTE, 
SRL$IN$PRT BITE, 
SR14IN*CNT BITE, 
PRL>IN»STATE BYTE, 
PRL*INtSTRT»PRT BYTE, 
PRL$IN$NMB$PRTS BYTE, 
SRL$IN*PRL»0UT»BFR(3) BYTE, 

PRL*OUT*PRT*0 LITERALLY '0E5H', 
PflLtOUT*PRT»l LITERALLY 'OEAH', 
PRL$OUT$PRT$2 LITERALLY '0E8H\ 

SRUOUT$STATE BYTE, 
SRUOUHPRT BYTE, 
SRL»OUT*CNT BYTE, 
PRL$OUT$STATE BYTE, 
PRL$OUT$STRT$PRT BYTE, 
PBL*OUT$NMB*PRTS BYTE, 
SR140UTtPRL4IN$BFR(l!) BYTE, 

PRL»IN»PRTtO LITERALLY 'OEHH' , 
PRL»IN»PRT*1 LITERALLY '0E6H', 
PRL*IN*PRT*2 LITERALLY '0E9H', 

USARTtCMD LITERALLY 'OEDH' , 
USART$IN LITERALLY 'OECH', 
USART$OUT LITERALLY 'OECH', 
USARTJSTATUS LITERALLY 'OEDH', 
USART$MODE$INSTR LITERALLY 'OCFH' 
USART*CMD>IHSTR LITERALLY '025H', 

TXRDY LITERALLY 'O01H' , 
RXRDY LITERALLY '002H', 

PPI*CWR»1 LITERALLY '0E7H' , 
PPI*CWR*2 LITERALLY ' OEBH ' , 
PPI*CWD*1 LITERALLY 'O80H', 
PPI)CWD$2 LITERALLY '09BH', 

TRUE LITERALLY ' OFFH 1 , 
FALSE LITERALLY ' 000H' , 

FOREVER LITERALLY 'WHILE TRUE* , 



NEXT»BYTE BYTE, 
CHECKSUM BYTE; 



8251 and 8255 Initialization. The INIT procedure 
sets up the 8251 and 8255's and initializes several 
variables. Interrupts are disabled to insure that no 
interrupts are serviced during the execution of the 
INIT procedure. 



3 1 INIT: PROCEDURE; 
H 2 DISABLE; 



1 — 

D 7 1 D 6 


1 

I>5 1 °4 
1 


D 3 1 °2 


1 

D, 1 D, 





BAUD RATE FACTOR 


- SYN MODE 

1 > ASYN XI 

1 - ASYNX16 
1 1 * ASYN X64 






CHARACTER LENGTH 


00 » 5 BITS 

1 • 6 BITS 

1 > 7 BITS 
11-8 BITS 





PARITY CONTROL 



X • NO PARITY 

1 - ODD PARITY 

1 1 - EVEN PARITY 




NO - ASYN (Dt D * Ol 


FRAMING CONTROL 


- NOT VALID 




1-1 STOP BIT 




1 » V/i STOP BITS 




1 1 -2 STOP BITS 



YES 

ID-, D o -0l 



SYN CONTROL 



X0 INTERNAL SYN 
X 1 EXTERNAL SYN 
OX DOUBLE SYN CHAR 
1 X SINGLE SYN CHAR 



The 8251 characteristics required by this SCADA 
terminal application include 9600 baud transmis- 
sion and 8-bit characters. The parallel inputs of the 
8255's are periodically scanned. The scanning 
frequency is determined by the baud rate and 
number of ports of data being transmitted. For 
example, the transmission of 3 ports of data 
requires 1 1 characters. At a baud rate of 9600 the 
approximate scan rate is 100 Hz. 

The following 8251 mode instruction is used: 



Baud Rate Factor = 10 
Character Length = 11 
Parity Control ~ 00 
Framing Control =11 



Instruction = 1100 1110 Binary = CEH 
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After the mode instruction is sent to the 825 1 , a 
command instruction is required to complete the 
8251 initialization. 

The command instruction format is shown below: 



°7 


°6 


°5 


°4 


D 3 D 2 


°1 


°0 


EH 


IR 


RTS 


ER 


SBRKj R.E 


DTR 


T«EN 



TRANSMIT ENABLE 
1 » ENABLE 
- DISABLE 



DATA TERMINAL 

READY 

"HIGH" WILL FORCE 
DTR OUTPUT TO ZERO 



RECEIVE ENABLE 
1 = ENABLE RxRDY 
0- DISABLE RxRDY 



SEND BREAK . 

CHARACTER 

1 - FORCES TxD "LOW" 
- NORMAL OPERATION 



ERROR RESET 

1 - RESET ALL ERROR 
FLAGS (PE.OE, FE) 



REQUEST TO SEND 
"HIGH" WILL FORCE 
RTS OUTPUT TO ZERO 





INTERNAL RESET 

"HIGH" RETURNS 8251 
TO MODE INSTRUCTION 
FORMAT 






ENTER HUNT MODE 

1 = ENABLE SEARCH FOR 
SYN CHARACTERS 





Initialization of the 8255's is then done to set up 
the following configurations: 

8255 #1 

Port 1 (A) Mode Output 
Port 2 (B) Mode Output 
Port 3 (C) Mode Output 

8255 #2 

Port 4 (A) Mode Input 
Port 5 (B) Mode Input 
Port 6 (C) Mode Input 

The following command instruction is used for the 
8255 #1: 



D 7 D 6 D 5 I D 4 D 3 D 2 Dt D 



Port C Bits PC3-PC0 Output = 



Port B Output = 
Port B Modi 0=0 



Port C Bits PC7-PC4 Output = 



Port A Output = 



Port A Mode = 00 



Opcode Mode Set = 1 



Mode Control Word - 1000 0000 Binary = 80H 



The following command instruction is used for the 
8255 #2: 



The command instruction enables the transmit and 
receive functions of the 8251 . 

The following command instruction is used: 

r 



Transmit Enable = 1 
Data Terminal Ready = 
Receive Enable - 1 
Send Break Character = 
Error Reset = 
Request to Send = 1 
Internal Reset = 
Enter Hunt Mode = 



Instruction = 0010 0101 Binary = 25H 



Output instructions send the initialization com- 
mands to the 8251. Note that previously declared 
macros are used to literally replace the mnemonics 
in the following lines of code. 



9 2 

10 2 



OUTPUT(USART$CMD) = USART$M0DE$INSTR; 
0UTPUT(USART$CMD) - USART$CMD$INSTR ; 





D 6 




D4 


°2 


°2 


°1 


Do 



Port C Bits PC3-PC0 Input = 1 



Port B Input = 1 



Port B Mode = 



Port C Bits PC7-PC4 Input = 1 



Port A Input = 1 



Port A Mode = 00 



Opcode Mode Set = 1 



Mode Control Word = 1001 1011 Binary = 9BH 



The 8255 initialization commands are given in a 
similar manner to the 8251 commands. 



11 2 0UTPUT(PPI$CWR$1) - PPI$CWD$1; 

12 2 0UTPUT(PPI$CWR$2) = PPI$CWD$2; 



The TNIT procedure concludes by enabling inter- 
rupts. 

13 2 ENABLE; 

14 2 END IN IT; 
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Conversion Procedures. Two conversion procedures 
are required in the program. The first procedure 
produces a hexadecimal ASCII character from a 
4-bit binary value. A typed procedure has been 
used which returns a value of the type byte. It is 
called by using its name in an expression. 



15 1 CHAR$CONV: PROCEDURE (CHAR) BITE; 

16 2 DECLARE CHAR BYTE; 

17 2 CHAR = CHAR * '0' ; 

18 2 IF CHAR > '9' THEN 

19 2 CHAR = CHAR + 7; 

20 2 RETURN CHAR; 

21 2 END CHAR$C0NV; 



The second procedure produces a 4-bit binary 
value from a hexadecimal ASCII character. Because 
this procedure is used only when a hexadecimal 
ASCII character is expected, an illegal character 
(i.e., not a 0—9 or A-F) causes the serial input 
state counter to indicate state 0. This procedure is 
also typed. The NMB$CONV procedure emphatic- 
ally illustrates the point that PL/M-80 performs 
unsigned arithmetic. Note that when the ASCII 
value for a zero is subtracted from the digit, 
NUM = NUM - '0'; a positive number is always 
produced, even if the value of NUM is less than '0'. 



22 1 NMB$C0NV : PROCEDURE CNMB) BITE; 

23 2 DECLARE NMB BKTE; 

21 2 NMB = NMB - '0' ; 

25 2 IF NMB > 9 THEN 

26 2 DO; 

27 3 IF (NMB > 16) AND (NMB < 23) THEN 

28 3 NMB = NMB - 7; 

ELSE 

29 3 SRUINtSTATE = 0; 

30 3 END; 

31 2 RETURN NMB; 

32 2 END NMBtCONV; 



Parallel Input Procedure. A parallel input proce- 
dure is used to input data bytes from the 8255's. 
The data bytes are then transmitted by the bit 
serial output device. This procedure also computes 
the checksum for the serial output record. The 
checksum, TEMP2, is initialized to contain the 
parallel input number of ports and the start port, 
shifted to fit within a single byte. Each cycle of the 
iterative DO block adds the next data byte to the 
checksum and places the input data into the 
SRL$OUT$PRL$IN$BFR array until the loop is 
complete. The checksum is then computed as the 
two's complement of the accumulated sum and 
also stored in the serial input parallel output 
buffer. 



33 


1 


PARALLEL$IN: PROCEDURE; 


31 


2 


DECLARE (TEMPI ,TEMP2) BITE; 


35 




TPUDO - RBI 4TU4UMn4PBTt; t 1 A DB\ 4T U4t;TRT* D RT • 


36 


2 


DO PRL$IN$STATE = PRL$IN$STRT$PRT TO 

DBr 4TH4c;TBT4BBT ._ DB1 4 T H4UMR4D RTR 


37 


3 


DO CASE PRL$IN$STATE; 


38 


1 


/• PRL IN PRT •/ 

TEMPI = INPUT( PRL$IN$PRT$0) ; 


39 




/« PRL IN PRT 1 •/ 

Itfip 1 = INrU n PKL$IN$rnl$ I) , 


10 


1 


/# DDI Tkl EOT T # / 

/■ rnL IN rtil 2 */ 

TEMPI = INPUT(PRL$IN$PRT$2) ; 


11 


1 


END; 


12 
13 


3 
3 


SRL$OUT$PRL$IN$BFR( PRL$IN$3TATE) = TEMPI; 
TEMP2 = TEMP2 * TEMPI ; 


11 


3 


END; 


15 


2 


SRL$OUT$PRL$IN$BFR(PRL$IN$STRT$PRT * PRL$IN$NMB$PRTS) 


16 


2 


END PARALLEL$IN ; 



Parallel Output Procedure. When a complete serial 
input record has been received and the checksum is 
correct, the transition from state 4 to state is 
accompanied by the parallel output of the data 
from the data field of the serial input record. The 
parallel output starting port and the number of 
ports of data is contained in the input record and 
is thus used in directing the parallel output opera- 
tion. An iterative DO block increments the 
PRL$OUT$STATE index variable through the 
required ports and a DO CASE block selectively 
executes one of the OUTPUT statements for each 
cycle of the loop. 



17 
18 
19 

50 
51 



PARALL£L$OUT: PROCEDURE 
DECLARE TEMP BITE; 
DO PRL$0UT$STATE 



PRL$OUT$STRT$PRT TO 
PRL$OUT$STRT$PRT + PRL$OUT$NMB$PRTS - 1; 



TEMP = SRL$IN$PRL$OUT$BFR( PRL$OUT$STATE) ; 
DO CASE PRL$OUT$STATE ; 



/• PRL OUT PRT •/ 

0UTPUT(PRL$0UT$PRT$0) 



/• PRL OUT PRT 1 •/ 

0UTPUT( PRL$OUT$PRT$ 1 ) = TEMP; 



/• PRL OUT PRT 2 •/ 

0UTPUT( PRL$0UT$PRTt2) 



55 
56 



END; 
END; 



END PARALLEUOUT; 



Serial Input and Output Procedures. The next two 
procedures contain the software implementations 
of the state diagram described previously. The 
processing during each state of the first procedure, 
the serial character input procedure, is described 
in the following text. 

The procedure begins by reading a character from 
the 8251 and then converts the character into a 
4-bit binary value using the number conversion 
procedure. The DO CASE block is the mechanism 
by which a program segment is selected to examine 
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the input character, provide the required outputs, 
and to specify the transition to the next state. 



58 1 SERIAL$CHAR$IN : PROCEDURE; 

59 2 DECLARE (CHAR, TEMP) BITE; 

60 2 CHAR = INPUT(USART$IN) AND 07FH; 

61 2 TEMP = NMB*C0NV(CHAR); 

62 2 DO CASE SRL$IN*STATE; 



State is entered through the initialization proc- 
ess, at the completion of the processing of a serial 
input record, or when an invalid character has been 
received. The serial input state will remain until a 
colon (:) is received, at which time a transition to 
state 1 is specified. 

/• SRL IN STATE = RECORD MARK •/ 
63 3 DO; 

61 1 IF CHAR = ' : ' THEN 

65 1 SRL$IN*STATE = 1; 

66 4 END; 



The parallel output number of ports is obtained, 
the counter initialized, and a transition to state 2 is 
specified from state 1 . 



/• SRL IN STATE 1 = NHB PRTS •/ 

67 3 DO; 

68 4 PRL$OUT$NMB$PRTS = TEMP; 

69 4 SRUINtCNT - TEHP; 

70 4 SRL$IN$STATE = 2; 

71 4 END; 



In state 2 the parallel output starting port number 
is obtained, the serial input port is initialized, the 
checksum is set to contain the parallel output 
number of ports and starting port, and a transition 
to state 3 is specified. 



/« SRL IN STATE 2 = STRT PRT •/ 

72 3 DO; 

73 4 PRL$OUT*STRT$PRT = TEMP; 

74 1 SRL$IN$PRT = TEMP; 

75 4 CHECKSUM = PRL$OUT$NMB$PRTS" 16 + PRL*OUT$STRT$PRT; 

76 4 SRL$IN$STATE =3; 

77 4 END; 



In state 3 the high-order half of a data byte is 
obtained and shifted into the proper position of 
the NEXTSBYTE variable. A transition is specified 
to state 4. 



/« SRL IN STATE 3 = HI ORDER HALF DATA BYTE *l 

78 3 DO; 

79 4 NEXT$BYTE = TEMP»16; 

80 4 SRL*IN$STATE = 4; 

81 4 END; 



State 4 is the final state and requires more process- 
ing than the others. First, a whole byte of data is 
assembled by adding the low and high-order data 
halves, and then testing to determine if the check- 
sum has been received. If so, and the checksum is 
correct, the parallel output procedure is executed. 
Once the entire serial input record has been re- 
ceived, a transition is specified to state whether 
the checksum is correct or not. However, if the 



serial input count has not been exhausted, the 
assembled byte is placed into the serial input 
parallel output buffer and a transition back to state 
3 is specified. 



/• SRL IN STATE 4 = L0 ORDER HALF DATA BYTE •/ 

82 3 DO; 

83 4 NEXT$BYTE = NEXT$BYTE + TEMP; 

84 4 CHECKSUM - CHECKSUM + NEXT$BYTE; 

85 4 IF SRL4IN$CNT = THEN 

86 4 DO; 

87 5 IF CHECKSUM = THEN 

88 5 CALL PARALLEL$OUT ; 

89 5 SRUINISTATE = 0; 

90 5 END; 

ELSE 

91 4 DO; 

92 5 SRL$IN$PRL$0UT$BFR ( SRL$IN$PRT ) = NEXT$BYTE; 

93 5 SRL$IN*PRT = SRL$IN$PRT + 1; 

94 5 SRL$IN$CNT = SRL*IN$CNT - 1; 

95 5 SR14IN$STATE =3; 

96 5 END; 

97 4 END; 

98 3 END; /» END OF CASES «/ 

99 2 END SERIA14CHAR$IN; 



The serial character output procedure is similar to 
the serial character input procedure. During state 
the parallel inputs of the 825 5 's are stored in the 
serial output parallel input buffer for transmission. 



100 1 SERIAL$CHAR$0UT: PROCEDURE; 

101 2 DECLARE (CHAR, TEMP) BYTE; 

102 2 CHAR = 0; 

103 2 00 CASE SRL$0UT$STATE ; 

/» SRL OUT STATE = RECORD MARK •/ 

104 3 DO; 

105 4 CHAR = ' : ' ; 

106 4 CALL PARALLEL»IN; 

107 4 SRL$OUT$STATE = 1; 
106 4 END; 

/•SRL OUT STATE 1 = NMB PRTS •/ 

109 3 DO; 

110 4 TEMP = PRL$IN$NMB$PRTS; 

111 4 SRL*OUT$CNT = TEMP; 

112 4 SRL$OUT$STATE = 2; 

113 4 END; 

/• SRL OUT STATE 2 = STRT PRT •/ 

114 3 DO; 

115 4 TEMP = PRL$IN»STRT*PRT; 

116 4 SRL$OUT$PRT = TEMP; 

117 1 SRL$OUT$STATE = 3; 

118 4 END; 

/• SRL OUT STATE 3 = HI ORDER HALF DATA BYTE •/ 

119 3 DO; 

120 1 TEMP = SHR(SRL*0UT$PRL»IN$BFR(SRL$OUT»PRT),4); 

121 4 SRL$OUT$STATE = 4; 

122 4 END; 

/• SRL OUT STATE 4 = LO ORDER HALF DATA BYTE •/ 

123 3 DO; 

124 4 TEMP = SRL$OUT*PRL$IN$BFR(SRL$OUT»PRT) AND 0FH; 

125 4 IF SRL*0UT$CNT = THEN 

126 4 SRL$0UT$STATE = 0; 

ELSE 

127 4 DO; 

128 5 SRL$0UT»CNT = SRL$0UT$CNT - 1; 

129 5 SRL$OUT$PRT = SRL$0UT$PRT + 1; 

130 5 SH140UT$STATE = 3; 

131 5 END; 

132 4 END; 

133 3 END; /• END OF CASES •/ 

134 2 IF CHAR <> ':' THEN 

135 2 CHAR = CHAR$CONV(TEMP) ; 

136 2 0UTPUT(USART$0UT) = CHAR; 

137 2 END SERIAL$CHAR$0UT; 



Interrupt Service Routine. The software in this 
SCADA terminal application example is interrupt 
driven. Interrupts, which occur when the trans- 
mitter of the 8251 is ready for another character 
or when the receiver has obtained a serial charac- 
ter, direct the execution of either the serial input 
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or output character procedures. The following 
procedure is entered when an interrupt occurs. 

138 1 USART$INTERRUPT: PROCEDURE INTERRUPT 7; 

139 2 DECLARE STATUS BYTE; 

140 2 STATUS = INPUT(USART$STATUS) j 

111 2 IF (STATUS AND TXRDJ) = TXRDK THEN 

142 2 CALL SERIAL$CHAR$OUT ; 

143 2 IE (STATUS AND RXRDI) = RXRDJ THEN 
141) 2 CALL SERIAL$CHAR$IN ; 

145 2 END USART$INTERRUPT ; 

Main Program. The function of the main program 
is rather simple. It calls the initialization routine 
and then loops "FOREVER." Notice that the 
other software is executed only when an interrupt 
occurs. Rather than loop idly while waiting for an 
interrupt, the "main program" could take advan- 
tage of excess CPU time by processing some other 
task. 



147 
148 



MAIN$PRCCRAM: 



DO FOREVER; 
END; 



SUMMARY/CONCLUSIONS 

Further consideration should be given to error 
checking in the implementation of a SCADA termi- 
nal. A checksum has been used in this example 
which provides some error detection but no 
correction. 

The industrial communication example in this 
application note has shown a SCADA terminal. 
Besides providing a convenient forum in which to 
explore the use of PL/M in an interrupt-driven 
environment, this application provides a realistic 
and almost fully-developed tool for the replace- 
ment of a multitude of parallel lines. Two such 
systems can be connected through the serial lines 
to provide a parallel to parallel transmission 
scheme as shown in Figure 6. 



PARALLEL I/O 



PARALLEL I/O 




SCADA TERMINAL 



SCADA TERMINAL 
=2 



Figure 6. Two SCADA Terminals 



149 1 



END; 
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SIT SERIAL INTERFACE 



SERIAL OUTPUT 
SERIAL INPUT 



PARALLEL INTERFACE - 
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OUT 1 <J— 
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OUT 3 
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Figure 7. SCADA Terminal Schematic 
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PROCESS CONTROL 

Many single board computers have already been 
applied in the field of process control. Some of the 
common denominators observed in these applica- 
tions include the use of A/D and D/A peripheral 
boards, process monitoring functions such as 
servicing display panels for operator interaction, 
and alarm indicators. 

Temperature Monitoring Application Example 

A temperature monitoring system has been devel- 
oped for the purposes of a process control applica- 
tion example. The single open loop system utilizes 
an A/D converter, a multiplexed display, switches 
for operator control, and two alarms. A block dia- 
gram of the operator's panel is shown in Figure 8 
and a schematic in Figure 9. 



TEMPERATURE MONITORING 
OPERATOR'S PANEL 



GROUP #2 
8255 



PORT 4 (A) 



SWITCH 
INPUT 



-SEGMENT 
DATA 



DIGIT SELECT & 

ALARM 

INDICATORS 



Figure 8. Operator's Panel Block Diagram 

Operator's Panel. The operator's panel in this 
temperature monitoring system contains four 
7-segment displays to show the temperature, two 
light emitting diodes (LEDs) that indicate alarm- 
low and alarm-high conditions, and six switches. 
The function of the switches is as follows: 

Set Limit — controls whether the current 
temperature reading is to be displayed (off) or 
if upper /lower limits are to be set (on). 

Set Hi Lo — when set limit is "on", this switch 
controls whether the low (off) or high (on) 
limit is to be displayed. 

Digit Selects — these two switches control the 
selection of the digit of the limit which is to 
be modified. The four binary positions 00, 
01, 10 and 1 1 correspond to the four 7- 
segment digits. 



Leave It — controls whether the digit selected 
is to be incremented (off) or maintained at its 
current value (on). When this switch is "off" 
the digit selected is incremented every 5 1 2 ms 
until the operator turns the switch "on". 

Enable Alarm — when set limit is "off" and the 
current temperature is displayed, this switch 
controls whether the action of the alarm indi- 
cators is to be enabled (on) or disabled (off). 

The simple means used to set upper and lower 
temperature limits is similar to setting the time on 
a digital wrist watch. 

The purpose of the software is to initialize the 
system and then to enter an endless loop which 
accumulates 16 readings, updates the displayed 
reading or handles limit setting, updates the display 
latches, waits 4 ms, and obtains an A/D reading. 

Temperature Monitoring Program. This application 
example has been coded in Intel's resident PL/M- 
80 language. 



PROCESS CONTROL APPLICATION 
OPEN LOOP 
TEMPERATURE MONITOR 

•/ 

TEMPERATURE$MONITOR : 
DO; 



The declaration statement includes some dimen- 
sioned variables with INITIAL attributes. They 
provide data strobe positions, a table of bit pat- 
terns to convert BCD data to 7-segment data, and 
a table of the powers of 10 for binary to BCD 
conversions. 



DECLARE 

READING ADDRESS, 

DIGITSU) BYTE INITIAL (80H, 10H.20H, 10H) , 
BCDT07SEG(11) BYTE INITIAL ( 3FH.06H, 5BH, HFH.66H, 

6DH,7CH,07H,7FH,67H,0), 
TENSU) ADDRESS INITIAL (1000,100,10,1), 
DIGIT$DATA(lt) BYTE, 
NXT$DIGIT BYTE, 
UPDATE$COUNT BYTE, 
SET$C0UNT BYTE, 
LIMT(2) ADDRESS, 
ACCUM$RDNG ADDRESS, 

CUE LITERALLY ' 0EBH' , 
SLCT LITERALLY ' 0EAH ' , 
SEGS LITERALLY '0E8H', 
SWTS LITERALLY '0E9H' , 
SErUP$PORTS LITERALLY '082H', 

3ET$LIMIT LITERALLY '001H', 
SET$HI$L0 LITERALLY '002H', 
LEAVE$TT LITERALLY '01 OH', 
DIGIT$SLCT LITERALLY '00CH', 
ENABLE$ALARM LITERALLY '020H' , 
SET$ALARM$LO LITERALLY '001H', 
SET$ALARM$HI LITERALLY ■ 003H ' , 

BESETtALARM$LO LITERALLY" ' 000H ' , 

RESET$ALARM$HI LITERALLY '002H', 

TRUE LITERALLY '0FFH' , 

FOREVER LITERALLY 'WHILE TRUE': 
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The analog to digital conversion procedure has 
been coded in assembly language and is not in- 
cluded in this application note. It is declared as an 
external typed procedure with no arguments and 
returns a value of the type address. The value 
returned is the current temperature. The ATOD 
procedure is linked later in a step to produce an 
absolute load module of the entire program. 

3 1 ATOD: PROCEDURE ADDRESS EXTERNAL; 

4 2 END ATOD; 

Bit set/reset functions of the 8255 have been used 
to control the alarm-low and high output bits. Use 
of this function allows individual bits to be con- 
trolled without affecting others of port C which 
are concurrently selecting the digit to be multi- 
plexed on the display. 

5 1 RESET$ALARMS : PROCEDURE; 

6 2 OUTPUT(CWR) = RESET$ALARM$LO ; 

7 2 OUTPUT(CWR) = RESET$ALARH$HI ; 

6 2 END RESET$ ALARMS; 

The following procedure is used to initialize the 
8255 and several program variables. 



9 


1 


INIT: PROCEDURE; 


10 


2 


OUTPUT! CUR) = SETUP$PORTS; 


11 


2 


CALL RESET$ ALARMS; 


12 


2 


NXT$DIGIT = 0; 


13 


2 


UPDATE$COUNT = 0; 


14 


2 


SET$C0UNT = 7; 


15 


2 


READING = 0; 


16 


2 


ACCUM$RDNG = 0; 


17 


2 


LIMIT(O) = 0000; 


18 


2 


LIMIT! 1) = 9999; 
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END INIT; 



A multiplexed display is controlled by the soft- 
ware. Two ports of an 8255 are required for this 
function shown in Figure 9. The first output port 
holds the data which drives the four 7-segment dis- 
plays in parallel. The second output port contains 
four strobes, each going to a separate common 
cathode of one of the 7-segment displays. 

The update display procedure begins by blanking 
7-segment data in the output port. This step avoids 
shadows that would be produced if the data for 
the next digit position were loaded prior to up- 
dating the strobe. The strobe is then advanced, 
retaining the alarm bits that occupy other bits of 
the same output port. Note that an output con- 
figured 8255 port can be read with an 8080A 
INPUT instruction to determine the currently 
latched output data. The BCD data is obtained 
from the next digit position of the DIGITSDATA 
array and used as a subscript into a table of 
BCDT07SEG data. The 7-segment data is also 



output to the 8255 port in the same statement. 
The procedure concludes by advancing the 
NXT$DIGIT pointer. 



20 1 DISPLAY$UPDATE: PROCEDURE ; 

21 2 OUTPUT(SEGS) = 0; 

22 2 OUTPUT(SLCT) = (DIGITS(NXT$DIGIT) OR (INPUT(SLCT) AND 03H)); 

23 2 OUTPUT(SEGS) = BCDT07SEG(DIGIT$DATA(NXT$DIGIT) ) ; 
21 2 NXT$DIGIT = (NXT$DIGIT+1) AND 03H; 

25 2 END DISPLAY$UPDATE; 



Binary to BCD Conversion. Binary data from the 
A/D converter must be converted to BCD before it 
can be used by the DISPLAY$UPDATE procedure 
to show the current temperature reading. The 
BINTOBCD procedure performs this conversion 
operation. 



26 1 BINTOBCD: PROCEDURE; 

27 2 DECLARE (BCD, I) BYTE; 

28 2 DO I = TO 3; 

29 3 BCD = 0; 

30 3 DO WHILE READING >= TENS(I); 

31 4 READING = READING - TENS(I); 

32 4 BCD = BCD + 1 ; 

33 4 END; 

34 3 DIGIT$DATA(I) = BCD; 

35 3 END; 

36 2 END BINTOBCD; 



BCD to Binary Conversion. The reverse conversion 
process is also needed. That is, BCD data must be 
converted to binary. This procedure is used to take 
limits, which are set by manipulating BCD digits, 
and convert them to binary data for use in testing 
against current temperature readings. Based vari- 
ables have been used in this procedure to allow 
access to the actual variables used as arguments in 
the calling program. 

37 1 BCDT0BIN: PROCEDURE (BCD$ARRAY$ADR, BIN$DATA$ADR) ; 

38 2 DECLARE 

(BCD$ARRAY$ADR,BIN$DATAiADR) ADDRESS, 
(BCD$ ARRAY BASED BCD$ARRAY$ADR) (4) BYTE, 
(BIN$DATA BASED BIN$DATA$ADR) ADDRESS, 
I BYTE; 

39 2 BIN$DATA = 0; 

40 2 DO I = TO 3; 

/• BIN$DATA = BIN$DATA»10 + BCD*ARRAY(I) •/ 

41 3 BINtDATA = SHL(BIN*DATA, 1 ) <• SHL(BIN$DATA,3) <• BCD$ARRAY(I) ; 

42 3 END; 

43 2 END BCDTOBIN; 

Updating the Display. The UPDATE procedure is 
entered each time 16 readings have been taken 
from the A/D converter. The UPDATE$COUNT is 
reset and the operator switches, are input to control 
the execution path through the procedure. The 
accumulated reading, which is the total of 1 6 A/D 
readings, is divided by 16 to obtain an average 
reading. Then the accumulated reading is zeroed. 
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44 1 UPDATE: PROCEDURE; 

45 2 DECLARE (SWT$FLG,HI$LO, DIGIT) BYTE; 

46 2 UPDATE$COUNT =15; 

47 2 SHT$FLG = INPUT(SWTS); 

48 2 READING = SHR( ACCUM$RDNG, 4) ; 

49 2 ACCUH$RDNG = 0; 



Setting Limits. If the set limit switch is ON, the 
limits are to be dealt with instead of testing and 
displaying the current temperature reading. The 
alarms are reset during limit setting. The specified 
limit is converted to BCD and then the Leave-It 
switch is tested to see if the digit selected is to be 
incremented or held constant. 



50 2 IF (SWT$FLG AND SET$LIMIT) = SET$LIMIT THEN 

51 2 DO; 

52 3 CALL R£SET$ALARMS; 

53 3 HI$L0 = SHR((SHT$FLG AND SET$HI$L0) , 1 ) ; 

54 3 READING = LIHIT(HI$L0) ; 

55 3 CALL BINTOBCD; 

56 3 IF ( SHT$FLG AND LEAVE$IT) <> LEAVE$IT THEN 



Another counter is used to control digit incre- 
menting. Its purpose is to control the rate at which 
the selected digit is to be incremented. The major 
loop in the program has a 4-millisecond delay. 
Thus, 16 A/D conversions require a period of 
64 ms which provides an update frequency of 16 
readings per second. This is too fast to accurately 
select a desired digit which is being incremented. 
SETSCOUNT insures eight update periods (512 
ms) between each increment. After the digit has 
been incremented, the BCD limit value is con- 
verted back to binary to set the respective limit. 
This concludes the action taken when setting 
limits. 

♦ 



57 3 DO; 

58 4 IF SET$C0UNT = THEN 

59 4 DO; 

60 5 SET$C0UNT = 7; 

61 5 DIGIT = SHR((SWT$FLC AND DIGIT$SLCT) ,21 ; 

62 5 IF DIGIT$DATA( DIGIT ) = 9 THEN 

63 5 DIGIT$DATA(DIGIT) = 0; 

ELSE 

64 5 DIGIT$DATA( DIGIT ) = DIGIT$DATA(DIGIT) + 1; 

65 5 CALL BCDT0BIN( -DIGIT$DATA, .LIMIT(HI$L0) ) ; 

66 5 END; 

ELSE 

67 4 SET$C0UNT = SET$C0UNT - 1; 

68 4 END; 



69 3 END; 



Testing the Averaged Reading. If the set limit 
switch is OFF, then the averaged reading is to be 
tested and displayed. The averaged reading is con- 
verted to BCD and then a test is performed to 
determine whether the reading is to be compared 
with the upper and lower limits. 



ELSE 

70 2 DO; 

71 3 CALL BINTOBCD; 

72 3 IF (SHT$FLG AND ENABLE$ALARM) = ENABLE$ALARM THEN 



The reading is compared with both the upper and 
lower limits if the alarms have been enabled. The 
results of the tests are used to set and reset the 
corresponding alarm output bits. 



73 3 DO; 

74 4 IF HEADING < LIMIT(O) THEN 

75 4 OUTPUT(CWR) = SET$ALARH$LO ; 

ELSE 

76 4 OUTPUT(CWR) = RESET$ALARM$LO ; 

77 4 IF HEADING > LIMIT(l) THEN 

78 4 OUTPUT(CWR) = S£T$ALARM$HI ; 

ELSE 

79 4 OUTPUT(CWR) = RESET$ALARM$HI ; 

80 4 END; 



If the alarms are not enabled, both the alarms are 
reset to the "off" condition. 



ELSE 

81 3 CALL RESET* ALARMS; 

82 3 END; 

83 2 END UPDATE; 



Main Program. The main program is shown below. 
Its purpose is to initialize the system and then to 
cycle, continuously executing the code previously 
described. 

/••••••••••••• 

MAIN$PROGRAM: 
• ••••••••«••/ 

84 1 CALL INIT; 

85 1 DO FOREVER; 

86 2 ACCUM$RDNG - ACCUM$RDNG * READING; 

87 2 IF UPDATE$COUNT = THEN 

88 2 CALL UPDATE; 

ELSE 

89 2 UPDATE$C0UNT = UPDATE$COUNT - 1 ; 

90 2 CALL DISPLAYWPDATE; 

91 2 CALL TIME(40); 

92 2 READING = ATOD; 

93 2 END; 

94 1 END; 



SUMMARY/CONCLUSIONS 

The goal of this application example is to demon- 
strate some of the common functions required for 
process control systems. Rather than show a small 
portion of a larger, more complex problem, this 
example was chosen because it presents a complete 
solution to a smaller problem. In summary, refresh- 
ing a multiplexed display was shown. Conversion 
procedures for binary to BCD and BCD to binary 
were used. A simple technique, in terms of hard- 
ware requirements, was used to enter lower and 
upper test values. And, limits testing was done, 
providing alarm indicators. 
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Figure 9. Operator's Panel Schematic 
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I/O DEVICE CONTROLLER 

Peripheral processors have become common ele- 
ments in computer systems of all sizes and capa- 
bilities. The purpose of such a processor is to 
relieve a central processor from the burden of 
handling I/O devices. In effect, it is a form of 
distributed processing. The SBC 80/10 can be used 
as a peripheral processor and/or as an I/O device 
controller. In such a capacity it can significantly 
reduce the amount of hardware required to inter- 
face peripherals. Because the SBC 80/10 controls 
only I/O, it is of little consequence that it must do 
a great deal of detail work that otherwise wastes 
the processing capability of a larger central 
processor. 

Consider the activity of producing a listing on a 
j line printer. The overhead in maintaining a pro- 
gram in the queue of a central processor which is 
producing data for a line printer can seriously 
impact system throughput. If, however, the pro- 
gram were to send the list to a disk file and then 
command a peripheral processor to take care of the 
printing, a significant improvement in system 
performance may be achieved. Printers represent 
one example of a large number of I/O devices that 
can be controlled by an SBC 80/10. Other devices 
include cassettes, magnetic tape drives, paper tape 
readers and punches, etc. 

Character Printer Controller Application Example 

The control of a Centronics 306 character printer 
is used as an I/O device controller application 
example. This example shows the interrupt capa- 
j bility of mode 1 8255 operation. A block diagram 
of the printer controller is shown in Figure 10 and 
a schematic in Figure 1 1 . 



CENTRONICS 
PRINTER 
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Figure 10. Printer Controller Block Diagram 



When the mode 1 or mode 2 configuration is used, 
software is generally required to support interrupts 
used in conjunction with handshaking operations. 
Software routines written for an interrupt driven 
environment tend to be more complex than status 
driven routines. The added complexity is because 
interrupt-driven systems are constructed such that 
other software tasks are run while the I/O transac- 
tion is in progress. A software routine that controls 
a peripheral device is generally referred to as a 
device driver. One method of implementing an 
interrupt-driven device driver is to partition the 
device driver into a "command processor" and an 
"interrupt service routine." The command proces- 
sor is the module that validates and initiates user 
program requests to the device driver. A common 
method of passing information between the various 
software programs is to have the requesting routine 
provide a device control block in memory. The 
device control block used in this application 
example is shown in Table 2. 



Table 2. Printer Software Control Block 



NAME 


POSITION 


DEFINITION 


Status 


Byte 


A 1-byte field which defines the completion status of an I/O. 

00 = Good completion 

01 = Error — command already in progress. 


Buffer Address 


Byte 1 , 2 


Pointer to the start of the data to print. 


Character Count 


Byte 3 


Count of the number of characters to print. 


Character 
Transferred Count 


Byte 4 


The number of characters transferred. 


Completion 
Address 


Byte 5, 6 


Address of a user supplied routine which will be called after the I/O has been 
performed. 
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The command processor validates the transaction 
and initiates the operation described by the control 
block. Control is then returned to the requester 
so that other processing may proceed. The inter- 
rupt service routine processes the remainder of the 
transaction. 

Interrupt Service Routine Requirements. The 
interrupt service routine requires the following 
functions: 

1. The state of the machine (registers, status, 
etc.) must be saved so that it may be re- 
stored after the interrupt is processed. 

2. The source of the interrupt must be deter- 
mined. The hardware may support a register 
which indicates the interrupting device, or 
the software may poll the device status 
registers. 

3. Data must be passed to or from the device. 

4. Control must be passed to the requesting 
routine at the completion of the I/O. 

5. The state of the machine must be restored 
before returning to the interrupted program. 

Printer Controller Program. The software for this 
application has been coded using Intel® 8080 
Macro Assembly Language. 



2 ; 

3 ; 

4 ; 

5 ; 

6 ; 

7 ; 



I/O DEVICE CONTROLLER APPLICATION 
INTERRUPT DRIVEN 
CHARACTER PRINTER 



The following program equates are used to allow 
symbolic reference to the 8255 ports. Group #1 
8255 on the SBC 80/10 has been used because it 
will support mode 1 operation. 



10 ; 

11 ;•••»« 

12 ; 
13 

11 PORTA 

15 P0RTB 

16 P0RTC 

17 CUR 



PROGRAM EQUATES 



EQU 
EQU 
EQU 
EQU 



0E4H 
0E5H 
0E6H 
0E7H 



8255 PORT A 
8255 PORT B 
8255 PORT C 

8255 CONTROL WORD REGISTER 



An initialization control word sent to the control 
word register of the 8255 will set up the desired 
configuration. 



20 ■ 

2' ; 

22 : 

23 ; 

24 ; 

25 ; 

26 ; 

27 ; 

28 ; 

29 i 

30 ICW 

31 ;•••«« 



INITIALIZATION CONTROL WORD 

USED TO CONFIGURE THE 8255 A3 FOLLOWS: 

PORT A - OUTPUT MODE 1 

PORT B - INPUT MODE (NOT USED) 

PORT C LOWER - OUTPUT 

EQU 10101010B : INITIALIZATION CONTROL WORD 



The bit set/reset capability of the 8255 is used to 
control the strobe to the printer and to enable/ 
disable interrupts from the 8255. 



32 ; SET/ RESET CONTROL WORDS 

33 ;*«•" 

311 STBON EQU 00000001B ; SET STROBE 

35 STBOF EQU 00000000B ; RESET STROBE 

36 

37 ; 8255 EN ABLE/ DISABLE INTERRUPT CONTROL WORDS 



39 IEN EQU 00001 101B 

40 IDN EQU 00001100B 
111 -flfliffl 



ENABLE INTERRUPTS 
DISABLE INTERRUPTS 



Device status, control block, 
equates are shown below. 



and completion 



42 




DEVICE 


STATUS 


EQUATES 


43 


'••«*fl 








44 


L.PBSY 


EQU 


080H 


1 BUFFER FULL ( LINE PRINTER 


45 


INTRA 


EQU 


08H 


; INTERRUPT REQUEST 


46 


. fl*fl«* 








47 




CONTROL 


BLOCK 


EQUATES 


48 


■##•#! 








49 


CBST 


EQU 


00H 


; STATUS BYTE 


50 


CBUF 


EQU 


01H 


; BUFFER ADDRESS 


51 


CBCC 


EQU 


03H 


; CHARACTER COUNT 


52 


CBCT 


EQU 


04H 


; CHARACTER TRANSFER ED COUNT 


53 


CBCMP 


EQU 


05H 


; COMPLETION SERVICE ADDRESS 


54 


■«*#*# 








55 




COMPLETION STATUS EQUATES 


56 










57 


STGD 


EQU 


00H 


; GOOD COMPLETION 


58 STE1 


EQU 


01H 


; ERROR - COMMAND ALREADY IN 


59 


•*#**# 









There are two origin statements in this program. 
The first origin at 38 hexadecimal is the entry 
point used when an interrupt is generated by the 
8255. A jump instruction to the printer interrupt 
routine is stored at that location. The second 
origin at 3000 hexadecimal is the address where 
the rest of the code will be located. 



60 ; 

61 ;• 

62 
63 

64 ;« 

65 ; 

66 ;« 

67 

68 ;• 



RESTART 7 ENTRY POINT 



ORG 
JMP 



0038H 
PINT 



PROGRAM ORIGIN 



An initialization subroutine issues the mode con- 
trol word to the 8255 control word register after 
reset of the device. The printer strobe must then be 
disabled. 



INITIALIZATION ROUTINE 
A,H,L REGISTERS MODIFIED 



INIT: 



MVI 
OUT 
MVI 
OUT 
RET 



A, ICW 
CWR 

A, STBON 
CWR 



GET MODE CONTROL WORD 
OUTPUT TO CONTROL WORD REGISTER 
GET SET DATA STROBE CONTROL WORD 
SET DATA STROBE (LOW TRUE SIGNAL) 
RETURN TO CALLER 



The command processor is started by the user 
routine through a subroutine call to PSTRT, with 
the address of the control block in the D and E 
registers. The command processor insures that an 
I/O operation is not already in progress, starts the 
I/O, enables interrupts, and returns to the caller so 
that other processing may proceed. 
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The flowchart and listing for the command proces- 
sor are shown below. 




SET 

COMMAND 
IN PROGRESS 






CLEAR 
CT 







< POST TO \ 
USER / 



/ CALL \ 
< OUTPUT > 

\ ™" / 



ENABLE 
PROCESSOR 
INTERRUPTS 



90 
91 
92 
93 

91 PSTBT: 

95 

96 

97 

98 

99 
100 
101 
102 
103 
101 
105 
106 
107 
108 
109 
110 ; 
111 

112 PSTE: 
113 
111 
115 



COMMAND PROCESSOR 

INPUTS: CONTROL BLOCK ADDRESS IN D AND E REGISTERS 
OUTPUTS: START I/O OR ERROR STATUS IN CONTROL BLOCK 

A,H,L REGISTERS MODIFIED 



LDA 
ANA 



JNZ 

XCHG 

SHU) 

XCHG 

LXI 

DAD 

MVI 

CALL 

EI 

RET 



PIPRG 

H.CBCT 
D 

M.OOH 
PDATA 



GET PRINT IN PROGRESS BLOCK ADDRESS 

SEE IF ZERO (PRINT IN PROGRESS) 

IF BLOCK ADDRESS NOT EQUAL TO ZERO THEN 

PRINT IN PROGRESS 

IF YES - BRANCH TO ERROR 

SAVE CONTROL BLXK ADDRESS 

GET INDEX TO CT 
COMPUTE ADDRESS OF CT 
CLEAR CT 
START I/O 

ENABLE PROCESSOR INTERRUPTS 
RETURN TO CALLER 



ERROR - TRANSACTION ALREADY IN PROGRESS 



MVI 
JMP 



A.STE1 
POST 



GET ERROR STATUS CODE 

PASS CONTROL TO COMPLETION ROUTINE 



Interrupt Processing. When the 8255 generates an 
interrupt, the interrupt request is serviced by the 
8080A CPU. The CPU disables processor interrupts 
and then executes the instruction at location 38 
hexadecimal, which is a jump to the interrupt 
service routine. The interrupt service routine saves 
the processor state and polls the 8255 to determine 
the source of the interrupt. Once the interrupting 
device is identified, the printer output data routine 



is called. After the entire buffer has been printed, 
the interrupt service routine passes control to the 
user-supplied completion routine. Before returning 
from the interrupt, the state of the processor is 
restored. 

There are a number of error conditions which may 
occur, such as an interrupt from a device that does 
not have an active control block, or an interrupt 
when polling establishes that no device requires 
service. Neither of these errors should occur, but if 
they do, the driver should perform in a consistent 
fashion. The recovery routines implemented to 
handle these interrupt error conditions are deter- 
mined by the environment of the particular appli- 
cation. 

The flowchart and listing for the printer interrupt 
service routine are shown below. 



INT 7 

V 



SAVE 

REGISTERS 




DISABLE 8255 
INT ENABLE 
PROCESSOR 
INTERRUPTS 



POLL 
OTHERS & 
PROCESS 




<CALL \ 
OUTPUT > 
DA " / 



REST 
REGIS 


DRE 
TERS 






ENABLE 

PROCESSOR 

INTERRUPTS 






/ > 

RETURN 

\ ) 



116 

117 

118 

119 

120 

121 1 

122 

123 

12H 

125 

126 ; 



PRINTER INTERRUPT SERVICE ROUTINE 
ALL REGISTERS SAVED AND RESTORED 



PUSH 
PUSH 
PUSH 
PUSH 



PSW 



; SAVE PSW 

; SAVE REGISTER PAIR B AND C 

; SAVE REGISTER PAIR D AND E 

; SAVE REGISTER PAIR H AND L 
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127 ; 

128 ;••«• 

129 
130 
131 
132 
133 
131 
135 
136 
137 
138 
139 
140 

HI j 

142 ; 
113 

111 PRTN: 

115 

116 

117 

lid 

119 

150 

151 

152 ; 

153 ; 
151 ; 

155 ; 

156 PPOLL: 
157 

158 ; 

159 ; 

160 : 

161 

162 PIER1: 

163 

161 



POLL INTERRUPT SOURCE - SEE OF 8255 



165 

166 :«**• 



IN 


PORTC 


GET STATUS OF DEVICE 


167 








ANI 


INTRA 


SEE IF INT 


166 


PRINTER 


OUTPUT DATA ROUTINE 


JZ 


PPOLL 


NO -BRANCH TO POLL OTHER DEVICES IF ANY 


169 








MVI 


A, IDN 


GET 8255 INT DISABLE CONTROL WORD 


170 


CONTROL BLOCK ADDRESS IN D AND E REG 


OUT 


CWR 


DISABLE DEVICE INTERRUPTS 


171 








EI 




ENABLE PROCESSOR INTERRUPTS 


172 








LHLD 


PIPRG 


GET CONTROL BLOCK ADDRESS 


173 PDATA: 






XRA 


A 


CLEAR A REG 


171 


IN 


PORTC 


GET STATUS OF DEVICE 


CMP 


H 


SEE IF PRINT IN PROGRESS 


175 


ANI 


LPBSY 


SEE IF BUSY (BUFFER FULL) 


JZ 


PIER1 


NO - BRANCH TO ERROR ROUTINE 


176 


JZ 


PD10 


IF BUSY - BRANCH 


XCHG 






177 


LXI 


H.CBCT 


GET INDEX TO CT 


CALL 


PDATA 


PRINT DATA 


178 


DAD 


D 


COMPUTER ADDRESS OF CT 








179 


MOV 


A,M 


GET CT 


RESTORE 


REGISTERS AND RETURN FROM INTERRUPT 


180 


INR 


M 


INC CT 








181 


DCX 




DEC TO CC 








182 


CMP 


M 


SEE IF EQUAL 


POP 


H 


RESTORE REGISTER PAIR H AND L 


183 


JZ 


PCOMP 


IF EQUAL - DONE GO TELL USER 


POP 


D 


RESTORE REGISTER PAIR D AND E 


181 


LXI 


H , CBUF 


GET INDEX TO BUFFER ADDRESS 


POP 


B 


RESTORE REGISTER PAIR B AND C 


185 


DAD 


D 


COMPUTE ADDRESS OF BUFFER ADDRESS 


POP 


PSU 


RESTORE PSW AND A 


186 


PUSH 


D 


SAVE D AND E REGISTERS 


EI 




ENABLE PROCESSOR INTERRUPTS 


187 


MOV 


E,M 


GET LSB OF BUFFER ADDRESS 


RET 




RETURN TO INTERRUPTED PROCESS 


188 


INX 


H 


INC TO NEXT BYTE 








189 


MOV 


D,M 


GET BUFFER MSB 


POLL OTHER DEVICES IF ANY 


190 


MVI 


H.OOH 


CLEAR H REG 




IF NO OTHER DIVICES TO POLL - USER SUPPLIED ERROR 


191 


MOV 


L, A 


GET CT 




RECOVERY 


ROUTINE. 


192 


DAD 


D 


COMPUTER CHARACTER ADDRESS 








193 


MOV 


A,M 


GET CHARACTER 








191 


OUT 


PORTA 


OUTPUT CHARACTER TO PRINTER 


JMP 


PRTN 


RETURN 


195 


MVI 


A , STBOF 


RESET DATA STROBE (LOW TRUE SIGNAL) 








196 


our 


CWR 




ERROR - 


INTERRUPT FROM IDLE DEVICE 


197 


INR 


A 


GENERATE SET CONTROL WORD 




USER SUPPLIED ERROR RECOVERY ROUTINE 


198 


OUT 


CWR 


SET DATA STROBE 








199 


POP 


D 


RESTORE CONTROL BLOCK ADDRESS 








200 


JMP 


PDATA 


LOOP UNTIL BUSY 


JHP 


PRTN 


RETURN 


201 









The printer output data routine places a character 
in the output buffer of the 8255. Data in the 
control block is used to direct the transfer of a 
character. A data strobe signal is then generated 
through the use of the port C bit set/reset feature. 

The flowchart and listing for the printer output 
data routine are shown below. 







DISABLE 
PROCESSOR 
INTERRUPTS 
ENABLE 8255 
INTERRUPTS 









/ — \ 

I RETURN I 




GET CHAR 






OUTPI 
CHAR 
GENE 
STROE 


JT 

ACTER 

=1ATE 

iE 



STORE 
STATUS 



< POST TO \ 
USER / 

^ RETURN ^ 



If the printer is busy at the time the printer output 
routine is called, a printer busy routine is executed. 
The printer busy routine disables the processor 
interrupts, enables the 8255 interrupts and then 
enables the processor interrupts on its return to 
the caller. 



202 
















201 ; 


PRINTER 


BUSY - 


RETURN 










206 PD10: 








207 


DI 




; DISABLE INTERRUPTS 


208 


MVI 


A.IEN 


; ENABLE DEVICE INTERRUPTS 


209 


OUT 


CWR 


; SET INTERRUPT ENABLE 


210 


RET 




; RETURN TO CALLER 



When the printer output routine has exhausted the 
data from the buffer, a good status code is posted 
to the user. The command in progress flag is also 
cleared. 









212 ; 


POST GOOD COMPLETION TO USER 








211 PCOMP: 






215 


MVI 


A,STGD ; GET GOOD STATUS CODE 


216 


CALL 


POST ; POST TO USER 


217 


XRA 


A ; CLEAR A REG 


218 


STA 


PIPRG+1 ; CLEAR COMMAND IN PROGRESS 


219 


RET 


; RETURN TO CALLER 


220 







The post to user completion routine obtains the 
completion address from the device control block 
and passes control to the user routine. 



221 
222 
223 
221 
225 
226 
227 
228 
229 
230 
231 
232 
233 
231 



POST TO USER COMPLETION ROUTINE 

INPUTS: STATUS CODE IN A REG 

CONTROL BLOCK ADDRESS IN D AND E REG 

OUTPUTS: PASSES CONTROL TO USER COMPLETION ADDRES 
SPECIFIED IN CONTROL BLOCK 
WITH CONTROL BLOCK ADDRESS IN D AND E RE 

A,H,L,3,C REG MODIFIED 
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235 POST: 








236 


XCHG 






237 


MOV 


M, A- 


UPDATE STATUS 


238 


XCHG 






239 


LXI 


H , CBCMP 


GET INDEX TO COMPLETION ADDRESS 


240 


DAD 


D 


COMPUTE ADDRESS 


24 1 


MOV 


C, M 


Utl Lbb Ur LUMrLtllUN AUUHL-Si 


242 


INX 


H 


INC TO NEXT BYTE 


243 


MOV 


B,M 


GET MSB OF COMPLETION ADDRESS 


244 


PUSH 


B 


PUSH ADDRESS ON STACK 


245 


RET 




PASS CONTROL TO USER ROUTINE 


246 








247 ; 


DATA 


AND TABLES 




248 ; 








249 


ORG 


3D00H 




250 PIPRG: 


DW 





IN PROGHESS CONTROL BLOCK ADDRESS 


251 






IF DATA = NO CONTROL BLOCK IN PROGRESS 


252 






IF DATA <> CONTROL BLOCK IN PROGRESS 


253 








254 ; 


END OF MODE ONE EXAMPLE 


255 








256 


END 







CENTRONICS 306 



SUMMARY/CONCLUSIONS 

The SBC 80/10 has the capability to function in 
the capacity of a peripheral processor and/or a 
device controller. This capability is provided in 
part by the interrupt support logic accompanying 
the parallel I/O ports. This application example 
shows how the SBC 80/10 requires only an inter- 
connect to the device to be controlled. 



GROUP =1 
8255 



PA7 

PA 6 

PA 5 

PA4 
PORT 1 |A) 
PA3 

PA2 

PAl 

PAo 



PCo 



PC 6 
ACKA 



L. 



[J1-33I 



vcc 



DATA STHOBE 



Figure 11. Printer Controller Schematic 



CONCLUSIONS 

The purpose of this application note has been to 
expose the reader to a broad spectrum of potential 
applications of the Intel SBC 80/10 and System 
80/10 products. Applications have been presented 
in the areas of instrumentation, communication, 
process control and I/O device control. The exam- 
ples were limited to short problems that could be 
completely described. 

Intel's PL/M-80 and 8080 Macro Assembly Lan- 
guage were both used in the examples. Instead of 
using only assembly language, it was felt that 
PL/M-80 should also be shown. Coding in an 
algorithmic language is generally more natural than 
assembly language and provides these added bene- 
fits: reduced program development time and cost, 
improved product reliability, and easier program 
maintenance. 



While the task of actually configuring the SBC 
80/10 for the applications has not been described 
in this note, detailed instructions are contained in 
the tables of Chapter 4 in the SBC 80/10 Single 
Board Computer Hardware Reference Manual. 

The Intel SBC 80/10 has been designed to provide 
users with subsystems that have processing power, 
memory storage, parallel and serial programmable 
I/O interfaces. A design goal of the SBC 80/10 was 
to minimize the requirements for customized 
interface hardware in user applications. This 
application note has demonstrated the achievement 
of this goal. The net effect is to reduce the number 
of tedious design tasks, thus allowing the systems 
designer to concentrate on systems integration and 
other problems unique to his job. 
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APPENDIX A 
SBC 80/10 SCHEMATICS 



i 





5 ji J r~ 

mid 

DOOO 



tr icq: hl 

DODO 

tt < < < 



ODDOooODDOnqoDoD^', 



g 




.9 


|0 




6 S 


s! - 

< 

O u III 




!3K 



5 "# 

5 3 Si 






°5 "*■ 



.- si ? o 

a «<S 

? 1-8 
- is i 

o < ? 1 

111 _J uJ d 

^ 3. 



i d or uj 

'IP 

° 2 
w I m 
I Z 

L' 5 ^ ■ 



UJ in 



i " ; ^ 

; J s 3 5 

: < U U 



A A 



28 



N 1 



sue 



Hi' 



S 4 <? o T <t 
h h h ri <m 



l?IB 



_ a s' -a r 

h H « H < 4 



JJ>flid-|dr|dr|ir|i|' | 



Hi' 



O O 
H H H , 

a? t 



|M~ dl/l l -3 r 0> 



H H H 



. o" i ft- 
H P H H < 

ax 1 



Hi' 



Q Q Q Q r 



RI' 



5 Si 



/ | ^|i- | » j -By^ ' 



Mi' 



AS 



5*6 31 < if 




J 







o- -9£j 




29 




30 




31 



ra: : :i:pi: ::p:p: JM :i: : : 'b: B:p~/::p:§ 




32 



intel 



3065 Bowers Avenue 
Santa Clara, Calllornia 95051 
Tel: (408) 246-7501 
TWX: 910-338-0026 
TELEX: 34-6372 
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Earla Associates 

4433 Convoy Street, Suite A 

San Diego 92111 
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COLORADO 

Intel Corp. 
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Suite 310 
Denver 60 239 
Tel: (303) 373-4920 
TWX: 910-932-0322 
BFA Corporation 
850 Lincoln Street 
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Intel Corp. 
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FLORIDA 

Intel Corp. 
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1313 44th Street 

Orlando 32609 
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Col-lns-Co 

1260 Cedar Park Circle 
Stone Mountain 33083 
Tel: (800) 327-6600 

ILLINOIS 

Intel Corp.' 

1000 Jorie Boulevard 

Suite 224 

Oakb rook 60521 

Tel: (312) 325-9510 

TWX: 910-651-5881 

Data Electronics 

4976 North Milwaukee Avenue 

Chicago 60830 

Tel: (312) 263-0300 

INDIANA 

Data Electronics 
2920 Shelby Avenue 
Indianapolis 46203 
Tel: (317) 784-6360 

IOWA 

Technical Representatives, Inc. 
1703 Hillside Drive N/W 
Cedar Rapids 
Tel: (319) 398-5682 

KANSAS 

Technical Representatives, Inc. 

801 Clalrtoorne 

Ola the 66061 

Tel: (913) 782-1177 

TWX: 910-749-8412 

MARYLAND 

Glen White Associates 
57 West Timonium Road 
Tlmonlum 21093 
Tel: (301) 252-7742 
Intel Corp.* 

57 West Timonium Road 
Suite 307 
Timonium 21093 
Tel: (301) 252-7742 
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BELGIUM 

Intel International * 
Rue du Moulin a Papier 
51-Bolte 1 
B-1160 Brussels 
Tel: (02) 880 30 10 
TELEX: 24814 



FRANCE 

Intel Corporation, S.A.R.L.* 
74, Rue D'Arcueil 
SMiC 223 
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Tel: (01) 887 22 21 
TELEX: 270475 



ORIENT MARKETING OFFICES 

JAPAN 

Intel Japan Corporation* 
Flower Hill-Shlnmachl East Bldg. 
1-23-9, Shinmachi, Setagaya-ku 
Tokyo 154 
Tel: (03) 426-9261 
TELEX: 781-28426 



HONG KONG 

Q1 (Far East) Ltd. 
Tak Yan Commercial Bldg. 6th tloor 
30-32 D'Aguilar Street, Central 
Hong Kong 
Tel: 5-280311 
TELEX: 63138 JADE HX 



MASSACHUSETTS 

Intel Corp.* 

167 Billerica Road, Suite 14A 

Chelmsford 01824 

Tel: (617) 256-6567 

TWX: 710-343-6333 

Computer Marketing Associates 

235 Bear Hill Road 

Waltham 02154 

Tel: (617) 890-1776 

MICHIGAN 

Intel Corp. 

26500 Northwestern Hwy. 

Suite 401 

Southfleld 46075 

Tel: (313) 353-0920 

TWX: 910-420-1212 

TELEX: 2 31143 

Carter, McCormic & Peirce, Inc. 

23995 Freeway Park Drive 

Farmlngton Hills 48024 

Tel: (313) 477-7700 

MINNESOTA 

Intel Corp. 

875 Southgate Office Plaza 
5001 We3l 60th Street 
Bloomington 55437 
Tel: (612) 835-8722 
TWX: 910-578-2867 
Data Electronics 
P.O. Box 32087 
Minneapolis 55432 
Tel: (612) 786-9688 

MISSOURI 

Technical Representatives, Inc. 

Trade Center Bldg. 

300 Brookes Drive, Suite 106 

Haze I wood 63042 

Tel: (314) 731-5200 

TWX: 910-782-0616 

NEW JERSEY 

Intel Corp. 
2 Kilmer Road 
Edison 08817 
Tel: (201) 985-9100 
TWX: 710-460-6238 
Q. E. D. 

2916 Federal Street 
Camden 08105 
Tal: (215) 925-6711 

NEW MEXICO 

BFA Corporation 
312 West Parker Road 
Las Cruces 99001 
Tel: (505) 523-0601 
TWX: 910-983-0543 
BFA Corporation 
3705 Westertield, N.E. 
Albuquerque 87111 
Tel: (505) 292-1212 
TWX: 910-969-1157 



SCANDINAVIA 

Intal Scandinavia A/S* 

Lyngbwaj 32 2nd Floor 

DK-2100 Copenhagen East 

Denmark 

Tel: (01) 18 20 00 

TELEX: 19587 

Intel Swedan AB* 

Box 20092 

S-16120 Brortima 

Sweden 

Tel: (06) 98 53 90 
TELEX: 12261 



TAIWAN 

Taiwan Automation Co." 
8lh Floor, 18-1, Lane 14 
Chi-Lin Road 
Taipei 

Tel: (02) 551726-9 
TELEX: 11942 TAIAUTQ 



NEW YORK 

Intel Corp.* 

6901 Jericho Turnpike 

Syosset11791 

Tel: (516) 364-9860 

TWX: 510-221-2198 

Intel Corp. 

474 Thurston Road 

Rochester 14619 

Tel: (716) 328-7340 

TWX: 510-253-3841 

T-Squared 

4054 Newcourt Avenue 

Syracuse 13206 

Tel: (315) 463-6592 

TWX: 710-541-0554 

T-Squared 

640 Kreag Road 

P.O. Box W 

Pittstord 14534 

Tel: (716) 381-2551 

TELEX: 97-8269 

Intel Corp. 

55 Market Street 

Poughkeepsie 12601 

Tel: (914) 473-2303 

TWX: 510-248-0060 

Measurement Technology, Inc. 

295 Northern Boulevard 

Great Neck 11021 

Tel: (516) 482-3500 

NORTH CAROLINA 

Col-lns-Co 

2673 Monticello Drive 
Wln3ton-Salem 271Q6 
Tel: (800) 327-6800 

OHIO 

Intel Corp.* 

6312 North Main Street 

Dayton 45415 

Tel: (513) 890-5350 

TELEX: 268-004 

Intel Corp.* 

26250 Euclid Ave. 

Suite 531 F 

Euclid 44132 

Tel: (216) 289-0101 

Carter, McCormic & Peirce, Inc. 

21360 Lorain Road 

Cleveland 44126 

Tel: (216) 333-5650 

Carter, McCormic & Peirce, Inc. 

5423 Wabsler Street 

Dayton 45414 

Tel: (513) 278-5873 



ENGLAND 

Intel Corporation (U.K.) Ltd.* 

Broadtleld House 

4 Between Towns Road 

Cowley, Oxford OX4 3NB 

Tel: (0885) 77 14 31 

TELEX: 837203 

Intel Corporation (U.K.) Ltd. 

48-50 Beam Street 

Nantwich, Cheshire CW5 5LJ 

Tel: (0270) 62 65 60 

TELEX: 36620 
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Asionics-Taiwan, Inc. 
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Taipei 
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OREGON 

ES/Chase Company 

P.O. Box 602 

Beaverton 97005 

Tel: (503) 642-2732 or 228-2521 

PENNSYLVANIA 

Intel Corp. * 

520 Pennsylvania Ave. 

Fort Washington 19034 

Tel: (215) 542-9444 

TWX: 510-661-0709 

Carter, McCormic & Peirce, Inc. 

409 Beatty Road 

Monroeville 15146 

Tel: (412) 372-4415 

TEXAS 

Microsystems Marketing Inc. 

13777 N. Central Expressway 

Suite 405 

Dallas 75231 

Tel: (214) 238-7157 

TWX: 910-887-4763 

Microsystems Marketing Inc. 

6610 Harwin Avenue, Suite 125 

Houston 77036 

Tel: (713) 763-2900 

Intel Corp.* 

8350 L.8.J. Freeway 

Suite 178 

Dallas 75240 

Tel: (214) 661-8829 

TWX: 910-860-5467 

UTAH 

8FA Corporation 
395 Lawndale Drive 
Salt Lake City 64115 
Tel: (801)466-6522 
TWX: 910-925-5666 

WASHINGTON 

E.S./Chase Co. 
P.O. Box 60903 
Seattle 96106 
Tel: (206) 762-4824 
TWX: 910-444-2298 



CANADA 

Intel Corp. 
70 Chamberlain Ave. 
Ottawa, Ontario K1S 1V9 
Tel: (613) 232-8576 
TELEX: 053-4419 
Multllak, Inc.* 
4 Barren Street 
Ottawa, Ontario K2J 1G2 
Tel: (613) 625-4553 
TELEX: 053-4585 



GERMANY 

Intel Semiconductor GmbH* 

Seidlstrassa 27 

8000 Muenchen 2 

Tel: (089) 55 81 41 

TELEX: 523 177 

Intel Semiconductor GmbH 

D-6272 Niedernhausen 

Wiesenweg 26 

Tel: (06127) 2314 

TELEX: 04188163 

Intel Semiconductor GmbH 

D-7000 Stuttgart 80 

Ernsthaldenstrasae 17 

Tel: (0711) 7351506 

TELEX: 7255346 



INTERNATIONAL DISTRIBUTORS 



AUSTRALIA 

A. J. Ferguson (Adelaide) PTY. Ltd. 

44 Prospect Rd. 

Prospect 5082 

South Australia 

Tel: 269-1 244 

TELEX: 62835 

Warburton O'Donnell Limited 
372 Eastern Valley Way 
Chatswood, N.S.W. 2087 
Tel: 407 3261 

TELEX: WARFRAN AA 21299 
AUSTRIA 

Bacher Elektronische Gerate GmbH 
Meldlinger Hauptstrasse 78 
A 1120 Vienna 
Tel: (0222) 83 63 96 
TELEX: (01) 1532 

BELGIUM 

Inelco Belgium S.A. 
Avenue Val Duchesse, 3 
B-1160 Brussels 
Tel: (02) 660 00 12 
TELEX: 25441 

DENMARK 

Scandinavian Semiconductor 

Supply A/S 

Nannasgade 18 
DK-2200 Copenhagen N 
Tel: (01) 93 50 90 
TELEX: 19037 



FINLAND 

Oy Fintronic AB 
Loennrotinkatu 35D 
SF 00160 
Helsinki 16 
Tel: (90) 664 451 
TELEX: 12426 

FRANCE 

Tekelec Airtronlc 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1) 027 75 35 
TELEX: 250997 

GERMANY 

Alfred Neye Enstachrtik GmbH 

Schlllerstrasse 14 

D-2085 Quickborn-Hamburg 

Tel: (04108) 6121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 

Neumarketer Strasse 75 

D-6000 Muenchen 60 

Tel: (089) 434081 

TELEX: 464426 

Jermyn GmbH 

Postfach 1146 

D-6277 Kamberg 
Tel: (06434) 6005 
TELEX: 484426 



HONG KONG 

ASTEC International 
Keystone House, 2nd Floor 
Hankow Road, Kowloon 
Tel: 3-687780 
TELEX: 74899 ASCOM 

ISRAEL 

Eastronlcs Ltd.* 
11 Rozanis Street 
P.O. Box 39300 
Tel-Aviv 
Tel: 475151 
TELEX. 33838 

ITALY 

Eledra 3S S.P.A.* 
Vlale Elvezia, 16 
20154 Milan, 
Tel: (02) 3493041 
TELEX: 39332 
Eledra 3S S.P.A.* 
Via Paolo Galdano, 141 D 
10137 Torino 

TEL: (011) 30 97 097 - 30 97 114 

Eledre 3S S.P.A.* 

Via Giuseppe Vs I mar ana, 63 

00139 Rome, Italy 

Tel: (06) 81 27 290-81 27 324 

TELEX: 83051 

JAPAN 

Pan Electron 
No. 1 Hlgashlkata-Machi 
Mldori-Ku, Yokohama 226 
Tel: (045) 471-6811 
TELEX: 761-4773 



JAPAN (cont.) 

Ryoyo Electric Corp. 
Konwa Bldg. 

1-12-22, Tsukiii, 1-Chome 
Chuo-Ku, Tokyo 104 
Tel: (03) 543-7711 

NETHERLANDS 

Inelco Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1008 Amsterdam 
Tel: (020) 934624 
TELEX: 14622 

NORWAY 

Nordlsk Elektronik (Norge) A/S 

MustadsVel 1 

N-Oslo 2 

Tel: (02) 55 38 93 

TELEX: 16963 

PORTUGAL 

Ditram 

Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
Lisboa 1 
Tel: 119 45 313 

SOUTH AFRICA 

Electronic Building Elements 

P.O. Box 4609 

Pretoria 

Tel: 76 92 21 

TELEX: 30161 

SPAIN 

Interface 

Ronda San Pedro 22 
Barcelona 10 
Tel: 301 76 51 



SWEDEN 

Nordisk Electronik AB 
Fack 

S-10380 Stockholm 7 
Tel: (08) 248340 
TELEX: 10547 

SWITZERLAND 

Industrade AG 
Gemsenslrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 
Tel: (01) 60 22 30 
TELEX: 58788 

UNITED KINGDOM 

Rapid Recall, Ltd. 

11-15 Betterton Street 

Drury Lane 

London WC2H 9BS 

Tel: (01)379-6741 

TELEX: 28752 

G.E.C. Semiconductors Ltd. 

East Lane 

Wembley HA9 7PP 

Middlesex 

Tel: (01) 904-9303 

TELEX: 923429 

Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel: (0732) 50144 
TELEX: 95142 



* Field Application Location 
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